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Erscheinungsweise 


Die Hefte der „Abhandlungen“ des „Neuen Jahrbuchs für Geologie und Paläonto- 
logie“ erscheinen in zwangloser Folge. Drei Hefte bilden einen Band. 


Hinweise fiir Autoren 


1. Redaktionelle Zuschriften, Manuskripte und dazugehörende Abbildungen bitten 
wir an die Herausgeber zu senden, und zwar: 
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des „Neuen Jahrbuchs für Geologie und Paläontologie“, Geo- 
logisch-Paläontologisches Institut der Universität, c/o Prof. Dr. 
UxricH ROSENFELD, Corrensstr. 24, D-4400 Münster/ Westfalen, 
oder Prof. Dr. RoLAND WALTER, Geologisches Institut der Rhein.- 
Westf. Techn. Hochschule, Wüllnerstr. 2, D-5100 Aachen; 

für Autoren aus Nordamerika 

Professor Dr. Joun G. Dennis, California State University Long 
Beach, Department of Geological Sciences, Long Beach, California 
90840 USA. 

für die Gebiete Paläozoologie, Paläobotanik, Allgemeine Paläontologie und 
Biostratigraphie an die Herausgeber des Neuen Jahrbuchs für 
Geologie und Paläontologie: 
Geologisch-Paläontologisches Institut der Universität, 
Sigwartstr. 10, 7400 Tübingen 1; 
Herausgeber ist Prof. Dr. A. SEILACHER, Tübingen, unter Mitwir- 
kung von Prof. Dr. H.-P. LUTERBACHER, Tübingen, für die 
Mikropaläontologie und Prof. Dr. F. WestpuaL Tübingen, für die 
Paläontologie der Wirbeltiere; 

für Autoren aus Nordamerika 

Professor Dr. Davin M. Raup, Department of Geophysical Sciences, 
University of Chicago, 5734 S. Ellis Avenue, Chicago, IL 60637, 
USA. 


2. Die Manuskripte müssen in satzreifem Zustand auf einseitig beschriebenen 
Blättern — in Maschinenschrift mit 11/2-zeiligem Abstand und einem breiten 
Rand auf der linken Seite — eingereicht werden. Die Autor-Korrekturen sollen 
2°/o der Satzkosten nicht übersteigen, andernfalls müssen dem Verfasser die 
Mehrkosten für Korrekturen berechnet werden. Den Arbeiten ist eine kurze 
„Zusammenfassung“ in deutscher und möglichst ein entsprechendes “Abstract” 
in englischer Sprache voranzustellen. Wenn der Beitrag nicht in englischer Sprache 
geschrieben ist, wird eine englische Übersetzung des Titels der Arbeit zur Auf- 
nahme im Inhaltsverzeichnis erbeten. Darüber hinaus wird empfohlen, auch 
die Abbildungserklärungen in englisch zu bringen und bei längeren Arbeiten die 
Schlußfolgerungen ausführlich in englischer Sprache als “Conclusions” am Ende 
der Arbeıt anzufügen. 
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Benthic associations and their environmental 
significance in the Lusitanian Basin 
(Upper Jurassic, Portugal) 


By 
Franz T. Fürsich and Winfried Werner, München 
With 24 figures and 7 tables in the text 
ÜRSICH, F. T. & Werner, W. (1986): Benthic associations and their environmental signi- 


Vificance in the Lusitanian Basin (Upper Jurassic, Portugal). - N. Jb. Geol. Paläont. Abh., 
172: 271-329; Stuttgart. 


‘Abstract: Over forty associations and autochthonous assemblages, variously 
ominated by bivalves, gastropods, corals or calcisponges, range from shallow open 
‘Shelf to lagoonal and coastal lake environments and are highly diverse to monospe- 
tcific. 

Among environmentai parameters salinity appears to have been the dominant 
factor. The arrangement of each association along the salinity gradient has been deter- 
ia by changes in diversity, faunal composition and size of individuals. Temporal 
trends include small-scale, environmentally-induced replacements, large-scale faunal 
‘replacements accompanying regression, evolutionary species replacement, and evolu- 


Ütlonary size increase. 


Key words: Benthic associations, bivalves, gastropods, corals, calcisponges, shelf, 
lagoon, lake, salinity, paleoecology, diversity, faunal replacement, evolution; Upper 
|Jurassic, Portugal. 


Zusammenfassung: In oberjurassischen Sedimenten des Lusitanischen Beckens 
lassen sich über 40 benthonische Faunenvergesellschaftungen ausscheiden. Ihr 
Lebensraum reicht vom flachen, offenen Schelf bis hin zu Lagunen und Küstenseen. 
|Die meisten Faunen-Assoziationen werden von Muscheln dominiert, einige von 
(Gastropoden oder Korallen; in einer Assoziation herrschen Kalkschwämme vor. Die 
| Diversitätswerte reichen von sehr hoch bis niedrig; mehrere Assoziationen sind fast 
i monospezifisch. 
| Unter den Milieufaktoren üben das Energieniveau, das Substrat und vor allem die 
|Salinität den größten Einfluß auf die Fauna aus. Gestiitzt auf sedimentologische, 
‘sedimentpetrographische, mikropaläontologische, ichnologische und palökologische 
Daten konnten die Assoziationen bestimmten Salinitätsbereichen zugeordnet werden. 
Sie umfassen das gesamte Salinitatsspektrum vom hypersalinaren, über den vollma- 
‘rinen, brackischen, bis hin in den Süßwasserbereich. Die Salinitätstoleranz der Assozia- 
tionen wurde mit Hilfe von Schwankungen der Diversität, der Faunenzusammen- 


setzung und der Individuengröße ermittelt. 
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In der Zeit lassen sich im Oberjura des Lusitanischen Beckens folgende Faunen- 
veränderungen dokumentieren: (1) kurzfristige, milieubedingte Faunenveränderungen; 
(2) großmaßstäblicher, durch Regression verursachter Faunenwechsel; (3) evolutionärer 
Artenwechsel und (4) evolutionäre Größenzunahme bei einigen Muscheln. 


1. Introduction 


The Lusitanian Basin, occupying the western part of present-day Portugal, 
is a NNE-SSW trending, elongate marginal basin of the Mesozoic Proto- 
Atlantic (Fig. 1). On its southern, eastern and northern side it was bordered 
by Pre-Triassic basement rocks of the Iberian Meseta; towards the west, small 
horsts of basement rocks (present-day Berlenga and Farilhöes Islands) inter- 
mittently formed swells and barriers separating the basin from the open 
Proto-Atlantic. The basin was initiated after the Hercynian orogeny and is 
filled with a thick sequence of Mesozoic and Cainozoic sediments, the 
Jurassic alone reaching in places up to 5000 m in thickness (Wırson 1975 b, 
Ripeiro et al. 1979). A first transgression in Keuper times led to deposition 
of evaporites (PALAIN 1978). Lower and Middle Jurassic sediments indicate 
fully marine conditions over most of the basin. Peak transgression in the 
early Callovian was followed by rapid regression in the Late Callovian 
resulting in a complete withdrawal of the sea from the basin in the early 
Oxfordian (RuGetT-PerRot 1961, Ripetro et al. 1979). A second, shorter trans- 
gression started in the Late Oxfordian and Kimmeridgian, followed by large- 
scale regression so that, by the end of the Jurassic, the basin became again 
terrestrial except for its central area around Sintra (RaMALHO 1971). 

From the Oxfordian onwards the palaeogeography was greatly influenced 
by the rise of Triassic salt which resulted in a complex facies pattern not 
easily deciphered due to the lack of index fossils in many parts of the basin. 

Upper Jurassic rocks of the Lusitanian Basin frequently contain a rich 
fauna. This is less true of basinal mudstones such as the Abadia Beds (for 
stratigraphic framework see Fig. 2) which are usually devoid of fossils except 
for scattered ammonites and bivalves. Benthic fauna is also rare in Upper 
Oxfordian micritic limestones of the Montejunto area, but occurs profusely 
in sediments representing shallow shelf and marginal marine environments. 
On coastal plains and in coastal lakes freshwater faunas are occasionally 
encountered. 

The purpose of this paper is to describe briefly the benthic associations, 
primarily those from marginal marine settings, and to analyse their environ- 
mental significance. The main parameters influencing faunal distribution in 
the Lusitanian Basin are thought to be the energy level, substrate and 
salinity. An attempt is made to relate gradients in community parameters to 
environmental gradients, thus obtaining a useful tool in interpreting ancient 
environments. 


Apart from biostratigraphic studies (e.g. RUGET-PERROT 1961, RAMALHO 
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Fig. 1. Simplified geological map of the Lusitanian Basin with localities mentioned in 
the text. 1: Figueira da Foz; 2: Alcobaga; 3: San Martinho do Porto; 4: Caldas da 
Rainha; 5: Consolagäo; 6: Santa Cruz; 7: Torres Vedras; 8: Arruda dos Vinhos; 9: Sintra. 
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1971, Camarate Franca et al. 1964-65) work on the Upper Jurassic 


7 io 


sequence of the Lusitanian Basin was, until recently, confined to regional — 


problems, often connected with the rise of salt diapirs (e. g. MEMPEL 19533 
SEIFERT 1963, OERTEL 1956, Zpyszewskı 1959). More recently, research has 
concentrated on the palaeogeographic evolution and analysis of the compli- 
cated facies pattern (Witson 1975a, b, 1979; FELBER et al. 1982, LEINFELDER 
1985) as well as on the palaeoecology of benthic faunas (FÜRSICH et al. 1980, 
Fürsıch 1981a, Fürsıch & WERNER 1984, WERNER 1984). The present paper 
sums up all available data, most of them hitherto unpublished, on the 
ecology of the benthic faunas. 


2. Study areas and methods 


Most data have been obtained from marginal marine environments as these yielded 
the most abundant faunas. The main study areas (see also Fig. 1) were: 


1) the Oxfordian coastal section north of Figueira da Foz; 

2) the Oxfordian Montejunto Beds and Kimmeridgian Alcobaga Beds from Nazare in 
the north to Obidos in the south and from the coastal sections in the west to road 
cuts several km east of Alcobaga; 

3) the Kimmeridgian coastal exposures at and south of Consolagäo (south of Peniche); 

4) the Kimmeridgian/Portlandian cliffs from Praia da Araia Branca to close to Ericeira; 

5) the Kimmeridgian sequence in the area of Alenquer, Arruda dos Vinhos, Sobral de 
Monte Agraco and Bucelas (north of Lisboa); and 

6) the Kimmeridgian/Portlandian cliffs at Cabo Espichel and the Serra da Arräbida. 


The bulk of the data comes from the Kimmeridgian, which is also the most fossili- 
ferous unit. 

Data were collected as bulk samples which were subsequently broken up in the 
laboratory, or by counting specimens in the field, mainly from bedding planes. Each 
sample represents single layers of uniform lithology, as a rule not more than 10-20 cm 
in thickness. Samples that showed influence of transport or faunal mixing were 
excluded from the analysis. Similarly, samples that showed diagenetic distortion of 
original relative abundances, for example due to the preferential solution of aragonitic 
shells, were also discounted. In addition of the macrofauna, data on lithology, trace 
fossils and microfauna were obtained and used for the integrated palaeoecological 
analysis. 

After identification, the macrofauna of each sample was ranked according the 
relative abundance. Samples with similar species composition and rank order were 
grouped in associations. These are characterized by their repetitive nature. In 
contrast, samples with a fauna clearly preserved in-situ but encountered only once were 
classified as autochthonous assemblages. 

The most abundant species forming the trophic nuclei of 41 associations and 
autochthonous assemblages are given in Tables 1-7 together with data on presence 
percentage, trophic grouping and mode of life. Complete faunal lists of each associa- 
tion/assemblage have been deposited in the library of the Institut für Paläontologie 
und historische Geologie der Universitat Miinchen, Richard-Wagner-Str. 10, D-8000 
Miinchen 2. 

Life position of species was based either on specimens preserved in growth position 
(e.g. Myophorella, many pholadomyaceans, cemented oysters, /sognomon, Inoperna, 
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Arcomytilus, Trichites, Stegoconcha) or else reconstructed from oriented growth of 
epizoans or from a functional analysis of shell shape. 


Two aspects of diversity have been measured: species richness (N), expressed by the 
number of species present, and evenness, expressed by the formula D = 1/X pj, 
whereby p; is the relative frequency of the ith species (MACARTHUR 1972: 197)s Tat 
addition, rarefaction curves (SANDERS 1968) are given (Fig. 3). These are based on the 
gastropod, bivalve, brachiopod, coral and calcisponge fauna and have been calculated 
according to the formula given by Hurıserr (1971). 


3. Facies types and environments 


In the upper Jurassic of the Lusitanian Basin facies ranges from pure 
siliciclastics through mixed carbonate/siliciclastics to pure carbonates. In the 
following, a brief summary of the main environments and facies is presented. 


3.1. Lakes 


Units of grey to greenish-grey silts, occasionally with small calcareous 
nodules, and argillaceous marl occur intercalated between river and flood 
plain deposits and can be interpreted as lake deposits on coastal plains. 
Sometimes, they contain a freshwater fauna of small gastropods, rare 
unionids and ostracods as well as some charophytes. They differ from fresh- 
water lagoons in never containing any brackish water faunal elements. 


3.2. Flood plain 


Flood plain deposits are represented by largely unfossiliferous reddish to 
greenish fine-sandy marl or marly silt, frequently containing small, irregular 
nodules of calcareous siltstone which can be interpreted as caliche nodules. 
Intercalations of fine- to medium-grained sandstones with small-scale ripple 
lamination are crevasse splay deposits. The trace fossil Scoyenia is typical 
of this facies. Rootlet horizons are common at some levels. Rare freshwater 
gastropods (generally in greenish parts of the sequence) may be a sign of 
more extensive periods of flooding. 


3.3. Rivers and distributaries 


Fluvial deposits include channel fills, point bar and levee deposits. 
Channel fills consist of medium- to coarse-grained, in places pebbly 
trough crossbedded sandstones with erosive bases. Sometimes a lag of 
reworked caliche nodules is present, sometimes large tree trunks occur near 
the base. Plant debris and lignite fragments are common in parts of the 
sequence, but absent from others. Close association with marginal marine 
environments in some cases suggest that these channels represent distribu- 
taries on delta plains. Well developed point bar deposits with epsilon cross- 
bedding indicate high sinuosity rivers (e.g. in the Kimmeridgian at Porto 
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Fig. 3. Rarefaction curves of epibenthic and semi-infaunal (A), infaunal (B) and fresh- 
water (C) associations. 1: [sognomon-bakevelliid ass.; 2: Arcomytilus-Protocardia ass.; 3: 
Stegoconcha-Lopha ass.; 4: Isognomon-Amphiastrea ass.; 5: Isognomon-Praeexogyra ass.; 6: 
Thracia-Corbulomima ass.; 7: Jurassicorbula-Eomiodon ass.; 8: Nicaniella-Protocardia ass.; 
9: Thracia ass.; 10: Myrene hannoverana ass.. 
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Novo), whilst in other cases, low sinuosity streams appear to have dissected 
the coastal plain. Levee deposits are characterized by fining upward 
sequences of medium- to fine-grained sandstone and silt with small-scale 
ripple crossbedding and occasional rootlet horizons. In the channel fills as 
well as in the levee deposits Scoyenia occurs sporadically. Body fossils are 
absent. 


3.4. Marsh 


Probably due to the semi-arid climate marsh deposits are rare. They 
consist of grey marl with small calcareous nodules and rootlets. In addition, 
plant fragments and pieces of lignite are abundant. Macrofauna is absent, but 
a low diversity ostracod fauna occurs. 


3.5. Lagoons/protected bays 


Lagoonal/protected bay deposits are very widespread. A siliciclastic 
variety consists of argillaceous or marly, in places carbonaceous, silt or marl, 
the carbonate variety of mudstones and wackestones (micrite, biomicrite, 
biopelmicrite) rarely of algal laminites with fenestral fabric. The sediments 
are often heavily bioturbated (especially in the carbonate facies where biotur- 
bation and differential diagenesis frequently produced a nodular texture; see 
Fursicu et al. 1980). Characteristic trace fossils are Thalassinoides suevicus, 
Planolites and, less commonly, Rhizocorallium irregulare. Lagoonal and bay 
sediments often contain a rich, but low diversity fauna of bivalves and 
gastropods representing mainly brackish, more rarely freshwater or hyper- 
saline environments. Hypersaline lagoons have carbonate sediments and are 
recognized by the presence of authigenic quartz and algal lamination. 


3.6. Beaches 


Possible beach sediments were encountered only in the Kimmeridgian 
cliffs south of Consolagäo where several meters of well sorted fine sand 
exhibit very low angle crossbedding. The sand body is preceded by marl and 
silt with a brachyhaline fauna and followed by silt with typical brackish 
water faunal elements. The sand body thus can be interpreted as the outer 
beach of a prograding brackish lagoonal system. In the same section, coarse- 
grained sandstones with trace fossils indicative of shallow water, high energy 
conditions (Ophiomorpha, Polykladichnus, Diplocraterion habichi) probably 
represent very shallow barrier sands separating lagoons from shallow shelf 
environments (WERNER 1984). 


3.7. Deltas 


Small delta units occur commonly in Kimmeridgian and Portlandian 
sediments. They are represented by distributary channels (see above), delta 
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"front sands and prodelta silts and marly silts. The latter are commonly 
bioturbated and usually contain a moderately diverse benthic fauna. Delta 
| front sands are fine-grained, exhibit locally trough crossbedding and ripple 
lamination and are, in places, bioturbated (Thalassinoides, Planolites). They 
contain very low diversity faunas. Sometimes, the delta front sands are 


overlain by distributary channels. 


3.8. Shallow siliciclastic shelf 


Shallow siliciclastic shelf deposits range from mudstones to fine- or 
medium-grained sandstones. Fine-grained sediments indicate low energy 
| conditions, whilst layers of sandstones record more turbulent conditions and 
| sometimes a position closer to the shore. Shallow marine sandstones usually 
contain a considerable amount of carbonate. Depending on substrate 
stability and grain size, a rich infauna or epifauna may be present. Trace 
fossils are common, in particular Thalassinoides, Planolites and, less 
commonly, Rhizocorallium irregulare. The microfauna is dominated by 
lituolid foraminifera (e.g. Alveosepta jaccardi, Rectocyclammina chouberti); 
ostracods are less common. 


3.9. Shallow carbonate shelf 


Carbonate shelf sediments usually contain a certain amount of clay or 
quartz. As a rule, they are heavily bioturbated and sometimes contain a rich 
fauna. In the Consolagäo section, coral biostromes are developed in fine- 
sandy and/or argillaceous and silty biomicrites. Less fossiliferous mudstones, 
oncoid-rich marls and oncomicrites characterize low energy environments, 
whilst crossbedded oosparites and bio- or intrasparites most likely represent 

high energy shoals far from any clastic influence. Particularly within the 
Pteroceriano north of Lisboa, small patch reefs with a moderately diverse 
coral fauna occur. 


3.10. Carbonate platform 


In the Upper Oxfordian Montejunto Beds carbonate platform conditions 
extended across wide areas of the Lusitanian Basin, leading to deposition of 
pure carbonates. Facies range from micrites representing quiet and relatively 
deep environments to grainstones (intra-, bio- and oosparites) illustrating a 
shallow, turbulent environment. Biomicrites occupy an intermediate position 
with regard to energy level. In the latter, a moderately diverse benthic fauna 
of corals, hydrozoans, echinoids, gastropods and bivalves and a flora of 
various groups of calcareous algae is common. 


3.11. Clastic basin 


During Kimmeridgian times, the Lusitanian Basin showed a marked 
subdivision into shelf and basinal areas, the latter characterized by silts and 
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sandstones which were partly deposited by turbidity currents (Abadia 
Formation). Rich in plant debris, the basinal deposits contain only a sparse 
benthic fauna (e.g. the bivalve Aulacomyella) and some cephalopods. 


4. Benthic associations and assemblages 


‘The following chapters provide a short description of the 41 associations and 
autochthonous assemblages encountered in the Upper Jurassic of the Lusitanian Basin. 
They have been grouped according to the prevailing life habit (that is epifaunal or 
infaunal). Most of them are dominated by bivalves, some of them by corals, calci- 
sponges or gastropods. Some stenohaline groups such as brachiopods and echinoderms 
are hardly represented. 

Some of the associations have been described before (FUrsIcuH et al. 1980, FÜRSICH 
1981a, WERNER 1984), but most of these have been supplemented by additional data. 
Due to limited space, however, they are only listed in the following. 

The descriptions of the associations provide, together with information on their 
facies relationships, the data base for an analysis of their environmental significance. 


4.1. Epibenthic associations and assemblages (Tables 1 and 2) 
4.1.1. Epibenthic associations 


Epibenthic associations range from high diversity coral biostromes to near- 
monospecific bivalve settlements. Data on composition of trophic nuclei are found in 
Table 1. 


Coral biostromes 


Coral biostromes are a striking feature of the Kimmeridgian cliff section 
near Consolagäo and have been discussed in detail by WERNER (1984). Three 
types can be distinguished: 

a) high diversity biostromes dominated by corals (N: 18-45; D: 8.1-16.4); 
b) “Calamophyllia” meadows; and 
c) “Calamophyllia” micropatches. 


Environment: fully marine, quiet to moderately agitated bays or lagoons; 
more rarely the protected nearshore shelf. 


The Elasmostoma/Comophyllia corrugata association 


In the Kimmeridgian Alcobaga Beds a marker horizon can be traced for 
over 8 km. It is characterized by an abundance of calcareous sponges co- 
occurring with a variety of corals and a host of other organisms: epibyssate 
and cemented bivalves, some gastropods, rhynchonellid and thecideidinid 
brachiopods, cidaroids and crinoids (Millericrinus lusitanicus), serpulids and 
crustose bryozoans. Mean species richness is 31.7, mean evenness 7.5. The 
substrate is intraclastic marl or argillaceous biomicrite and the sponges and 
corals formed meadows or small patches on the sea floor. Blue-green algae 
frequently encrust sponges and other faunal elements and sometimes form 
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Hable 1. Trophic nuclei of epibenthic and semi-infaunal associations. IS: shallow 
infaunal; ID: deep infaunal; IV: mobile infaunal; EC: epifaunal cemented; EB: 
epifaunal byssate; EF: epifaunal free living; EV: mobile epifaunal; SI: semi-infaunal; S: 
Buspension feeder; D: deposit feeder; H: herbivore; SC: scavenger; MC: microcar- 
mivore. Where two sample numbers are given, the figure in brackets refers to the 
number of statistical samples. 

A — ee ee eee 

rel. abundance presence life trophic 


| % % habit group 
IElasmostoma/Comophyllia corrugata association 
4 samples, 910 specimens 


iElasmostoma sp. 2 20.9 100 EC S 
'Corynella sp. 125 100 EG S 
Eudea gos ll 10.3 100 EE S 
‚Comophyllia corrugata 29 75 EE MC 
Elasmostoma Sparel oF, 50 EC S 
Axosmilia sp. 5.0 75 EG MC 
‚Praeexogyra pustulosa 3.9 100 EC S 
?Oculospongia sp. 2.8 715 EC S 
hynchonellid 1.6 50 EB S 
Stylina girodi 15 50 BE MC 
Meandrarea bonanomii 1.4 75 EC MC 
\Lopha solitaria 1.4 100 EC Ss 
Praeexogyra pustulosa/Nanogyra nana association (Oyster patch reefs) 

4 (2) samples, 592 specimens 

\Nanogyra nana 55.6 100 EBC S 
gastropod sp. A 223 50 EV H? 
‚Praeexogyra pustulosa 15.0 100 EC S 
Lycettia poikilohalina/Anomia suprajurensis association 

2 samples, 413 specimens 

Anomia suprajurensis 49.1 100 EG Ss 
Lycettia potkilohalina 42.6 100 EB S 
Arcomytilus morrisi/Protocardia sp. nov. association 

2 samples, 318 specimens 

Arcomytilus morrisi HO) 100 EB S 
Protocardia sp. nov. 9.7 100 IS S 
Praeexogyra pustulosa 8.2 100 EC S 
Nanogyra nana 7.2 100 EC S 
Camptonectes auritus Dail 100 EB S 
Anomia suprajurensis/Protocardia peraltaensis association 

3 samples, 459 specimens 

Anomia suprajurensis Do 100 EC S 
Proiocardia peraltaensis IH 100 JS S 
cerithiid sp. D 11.8 33 EV H? 
Modiolus subaequiplicatus 5.2 100 EB S 
Nanogyra nana 48 100 EC S 
Pleroperna pygmaca 3,9 67 EB S 
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I 


rel. abundance presence life trophic 
% % habit group 
Bakevelliid sp. A association 
3 samples, 506 specimen 
bakevelliid sp. A 60.2 100 2SI S 
Isognomon rugosus 8.3 100 SI > 
Nerinea sp. B 6.2 67 EV H? 
Myophorella muricata 2.4 33 IS S 
Arcomytilus morrisi DED, 100 EB S 
Ovalastrea michelini 22 67 EC MC 


Table 2. Trophic nuclei of autochthonous epibenthic and semi-infaunal assemblages. - 


Key as in Table 1. 


rel. abundance life trophic 
% habit group 
Stegoconcha occidentalis/Lopha solitaria assemblage 
1 sample, 175 specimens 
Lopha solitaria 9371 EG S 
Stegoconcha occidentalis 14.9 SI S 
?Neritoma sp. 10.3 EV H? 
Modiolus subaequiplicatus assemblage 
1 sample, 79 specimens 
Modiolus subaequiplicatus 38.0 SI S 
Praeexogyra pustulosa 12.6 EG S 
Comoseris frondescens 10.1 EC MC 
“Ampullina” sp. 8.9 13% H? 
Nanogyra nana 7.6 EE S 
Modiolus beirensis 6.3 EB S 
Pteroperna sp./Placophyllia minima assemblage 
1 sample, 293 specimens 
Pteroperna sp. M 40.6 EB S 
Placophyllia minima 8.7 EC MC 
Pteroperna sp. L Tell EB S 
Arcomytilus morrisi 6.6 EB S 
Praeexogyra pustulosa 4.5 EC S 
Modiolus beirensis 4.2 EB S 
Calamophyllia sp. 3.8 EG S 
Corbulomima suprajurensis 3.1 IS S 
Metriomphalus clathratus a EV H? 
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akevelliid sp. A/Plicatula virguliana assemblage 
|| sample, 331 specimens 
bakevelliid sp. A 41.4 SI S 


licatula virguliana EC S 
Nanogyra nana EG S 
Thamnasteria gracilis 78 EC MC 
Praeexogyra sp. 4.5 BG S 
valastrea lobotaa 3.9 EC MC 
Actinastrea ramulifera 3.0 EC MC 
teroperna sp. M 3.0 EB S 
Actinastrea furcata 2.1 E@ S 


ln typicum/Ampullina suprajurensis assemblage 


IL sample, 274 specimens 


Epistreptophyllum typicum 231 iC MC 
been suprajurensis 14.4 lay H? 
Nanogyra nana 95 EC S 
Aporrhais” musca Wee SI D 
Arcomytilus morrist 6.1 EB S 
Limpullina semitalis 5.7 Jey H? 
Alaria virgulina 3.8 SI D 
1 lei suprajurensis 3.4 IS S 
eratomya excentrica 3.4 IS S 
Praeexogyra pustulosa 3.0 EG S 
Pteroperna sp. L 27) EB S 


| 


chick crusts acting as secondary framework builders. Of 12 members of the 
‘rophic nucleus, 11 are epibenthic encrusters and, apart from the microcarni- 
vorous corals, all are suspension feeders. 

The high faunal diversity and the dominance of stenohaline groups 
‘corals, calcisponges, scattered ammonites) point to fully marine conditions. 
Calcisponges prefer clear water (HaRTMAN et al. 1980: 252) which suggests 
ittle terrigenous influence. This is corroborated by the sediment. 


The Praeexogyra pustulosa/Nanogyra nana association 


| The Praeexogyra pustulosa/Nanogyra nana association forming small 
patch reefs (Fig. 4b) has been described by FürsıcH (1981 a). WERNER’s (1984) 
Liostrea sp. A patch reefs are part of this association. 


Diversity values: N: 7; D: 2.4. 
Environment: brackish bays and lagoons. 


The Lycettia potkilohalina/Anomia suprajurensis association 
WERNER (1984) described three varieties (dominated by Zycettia/Placu- 
nopsis, Placunopsis/Lycettia and Lycettia/Arcomytilus) of this association. 
Diversity: N: 8; D: 2.4. 
Environment: brackish bays and lagoons. 
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Fig. 4 (Legend see p. 285) 
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i ; ae ae 
The Arcomytilus morrisi/Protocardia sp. nov. association 


The basal part of the Pteroceriano in the region of Chao da Cruz between 
|Arranhö and Mata is characterized by argillaceous micrites to biomicrites 
|(wackestones) which contain abundant Arcomytilus morrisi (see also 
| LEINFELDER 1985). Usually articulated and occurring in clusters, they indicate 
‚minimal disturbance of the fauna. A second faunal element characteristic of 
ithe association is a huge, as yet undescribed species of Protocardia which 
appears to be largely confined to this facies. Other common faunal elements 
‘include the epibyssate Camptonectes auritus, the cemented oysters Nanogyra 
and Praeexogyra, semi-infaunal Trichites and some infaunal bivalves (Eig: 
Myopholas multicostata, Mactromya concentrica). Apart from bivalves, some 
rare gastropods (Ampullina, Harpagodes) occut. 

ı Diversity values are intermediate (D: 3.3; N: 15.5). The depositional 
environment appears to have been euhaline quiet lagoons, bays or protected 
low energy shelf areas. 


A thin layer of biomicrite in the Pteroceriano at Santa Cruz contains a similar 
fauna but of somewhat higher diversity. It has been interpreted by Fürsıcn (1981 a) as 
representing a delta abandonment facies with increased marine influence in an 
otherwise marginal marine environment with strongly fluctuating salinity values. 


The Anomia suprajurensis/Protocardia peraltaensis association 


The association occurs in silty clay and marl as well as in marly fine sand. 
Epibyssate (Modiolus subaequiplicatus, Pteroperna pygmaea) and cemented 
bivalves (Anomia, Nanogyra) and mobile epibenthic cerithiid gastropods 
account for 50-70% of the fauna, shallow burrowing suspension-feeding 
bivalves (e.g. Protocardia peraltaensis, Jurassicorbula edwardi, Isocyprina) for 
about 21-42%. The epifauna colonised shells and shell debris forming 
secondary hard substrates on the otherwise soft sea floor. Diversity values are 
intermediate (D: 4.6; N: 13). In one of the samples, many faunal elements 
are small to tiny suggesting high juvenile mortality possibly caused by 
reworking (all bivalves are disarticulated). 


4.1.2. Epibenthic assemblages 


Among epibenthic assemblages, three are regarded as autochthonous, but due to 
lack of data on recurrence it was not possible to group them in associations. Two 
further assemblages are clearly a product of faunal mixing: One is dominated by the 
freshwater gastropod Valvata helicelloides and the brackish water endobenthic “bivalve 


ne EEE 


Fig. 4. a, “Calamophyllia” meadow; Lower Kimmeridgian, cliff at Consolacäo; b, patch 
reefs of Praeexogyra pustulosa and Nanogyra nana; Pteroceriano south of Alto da Velha, 
Santa Cruz; c, shell bed representing the Pteroperna sp./Placophyllia minima 
assemblage; Lower Kimmeridgian, cliff south of Consolagäo. 
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20 Pteroperna sp. / Placophyllia minima ass. 


40 


Fig. 5. Trophic nucleus of the Pteroperna sp./Placophyllia minima association. 1: Ptero- 
perna sp. M; 2: Placophyllia minima; 3: Pteroperna sp. L; 4: Arcomytilus morrist; 5: 
Praeexogyra pustulosa; 6: Modiolus beirensis, 7: Calamophyllia sp.; 8: Corbulomima supra- 
jurensis; 9: Metriomphalus clathratus. 


T”, the other represents a soft bottom fauna dominated by Nicaniella n. sp. with 
admixture of numerous Anomia suprajurensis. These two mixed assemblages have been 
excluded from the palaeoecological analysis. 


The Pteroperna sp./Placophyllia minima assemblage (Fig. 4c, 5) 
See WERNER (1984). 

Diversity: N: 36; D: 5.9. 

Environment: fully marine, moderately agitated shelf. 


The bakevelliid sp. A/Plicatula virguliana assemblage 

See WERNER (1984). 

Diversity N» 408) Deo. 

Environment: marine nearshore shelf with small salinity fluctuations. 


The Epistreptophyllum typicum/“Ampullina” suprajurensis assemblage 
See WERNER (1984). 

Diversity: N: 315 D 9% 

Environment: fully marine, low energy nearshore shelf. 


4.2. Semi-infaunal associations and assemblages (Tables 1-4, Fig. 6) 


Most semi-infaunal associations are characterized by the bivalves Trichites or 
Isognomon which both lived partially buried in the sediment. Since they generally 
occupy soft substrates, the parts of their shells above the sea floor served as hard 
substrates for a variety of cemented bivalves. According to which encrusters dominate, 


the /sognomon or Trichites dominated associations can be subdivided into a number of 
subsets. 
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4.2.1. The Isognomon rugosus association (Table 3) 


he Isognomon rugosus association is characterized by the large, semi-infaunal bivalve 
Ysognomon which forms large clusters or banks in generally fine-grained sediments. Six 
pubsets can be distinguished, depending on the composition of encrusters which often 
ominate in numbers, but not in biomass. 


The /sognomon rugosus/Anomia suprajurensis subset 


See Isognomon lusitanicus association of FirsicH (1981 a). 


Diversity: N: 6.5; D: 1.95. 
Environment: brackish lagoons and, bays. 


Table 3. Trophic nuclei of the /sognomon rugosus association and subsets. 
Keyeasmitim lables ie 


rel. abundance presence life trophic 
% % habit group 


Isognomon rugosus/Anomia suprajurensis subset 
6 (2) samples, 5727 specimens 


Anomia suprajurensis 51.6 100 EE S 
Nanogyra nana 38.2 100 EC S 
\Isognomon rugosus 3.4 100 SI S 
| kognomon rugosus/Lopha solitaria subset 

‘4 samples, 456 specimens 

Isognomon rugosus 42.5 100 SI S 
Lopha solitaria 41.0 100 EC S 
Isognomon rugosus/Amphiastrea piriformis subset 

‚2 (1) samples, 186 specimens 

| Praeexogyra pustulosa 40.9 EG 
1 TUgOSUs 30.1 SI S 
‚Ampbhiastrea piriformis 16.1 EC MC 
Isognomon rugosus/bakevelliid subset 

3 (1) samples, 154 specimens 

Isognomon rugosus 59] SI S 
bakevelliid sp. A 16.8 ?SI S 
Nicaniella sp. B 4.5 IS S 
Ampullina cf. suprajurensis 2 EV H? 
Tsognomon rugosus/Praeexogyra pustulosa subset 

1 sample, 333 specimens 

| 

Isognomon rugosus 61.6 SI S 
Praeexogyra pustulosa Belk EC S 


BF ne A ne MI 0 0 
Isognomon rugosus/Eomiodon securiformis subset 
3 (1) samples, 52 specimens 


Isognomon rugosus 48.1 SI S 
Eomiodon securiformis Bl IS S 
EEE eee Vitor asrberty ayaa Tees tee, ee es Sekt I ee de 


21 N. Jb. Geol. u. Paläont. Abh. Bd. 172 
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The I. rugosus/Lopha solitaria subset 

The subset forms pavements and thin autochthonous shell beds in 
mudstones and wackestones of the Upper Oxfordian Montejunto Beds 
around S. Martinho do Porto. There, the /sognomon reach only one-third to 


ISLANDS AND 
PAVEMENTS 


ISLANDS ISLANDS 


Lopha 
solitaria 


Stegoconcha 
occidentalis 


Nanogyra 
nana 


Praeexogyra 
pustulosa 


Liostrea 
moreana 


Anomia 


suprajurensis Trichites sp 


T. consolacionensis 


| SEMI-INFAUNAL 
Isognomon rugosus MUD ASSOC IAT IONS 


Fig. 6. Semi-infaunal mud associations. Characterized by large semi-infaunal bivalves 
forming islands and pavements in soft substrates, the associations are numerically 
dominated by encrusting oysters or Anomia. For contrasting view of life positions of 
Stegoconcha, Isognomon and Trichites see SEILACHER (1984) 
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i eae of the size of those from the Pteroceriano, but dominate the 
Jassociation numerically. Of nearly equal importance is the encrusting oyster 
|Lopha solitaria; of lesser significance are the epibyssate bivalves Arcomytilus 
orrist and Camptonectes auritus. Infauna is rarely present. Diversity values 


are low (D: 2.2; N: 4). All species except Lopha solitaria are known to be 
reuryhaline. 


4 he I. rugosus/Amphiastrea piriformis subset 


| The subset occurs in fine-sandy silty micrite of the Alcobaga Beds south 
tof S. Martinho do Porto and in silty fine-sand of the Pteroceriano south of 
the river Sizandro. It is characterized by heads of the colonial coral 
"Amphiastrea piriformis, a species apparently tolerant of turbid waters and 
nmoderately fluctuating salinity values. The numerically dominant species 1s 
the oyster Praeexogyra pustulosa, an ubiquitous species in marginal marine 

nvironments of the Lusitanian Basin. Common also is Arcomytilus morrist; 
Iinfaunal elements are not present. Diversity values are higher than in the 
‚preceding two subsets (D: 3.4; N: 7) suggesting a less severe environment. 


See WERNER (1984). 

Diversity N ?3:,D:,27 

Environment: nearshore shelf (prodelta) with strongly fluctuating rates of 
sedimentation. Salinity slightly reduced. 


ie I. rugosus /bakevelliid subset 
| 
| 


‘The I. rugosus /Praeexogyra pustulosa subset (Fig. 7) 

The subset occurs in wackestones (intrabiomicrite) of the Montejunto 
|Beds at S. Martinho do Porto. In faunal composition and size of /sognomon 
‘specimens, the subset is closest to the /. rugosus/L. solitaria subset, but differs 
iin the relative abundance of encrusters. Apart from the semi-infaunal 
Isognomon, most other faunal elements are encrusters. Infauna (?Discomiltha, 
‚Corbulomima) is very rare. Diversity values are low (D: 2.0; N: 7) indicating 
unsuitable conditions for most benthic elements. From the facies context, 
salinity variations appear to have been the main parameter controlling faunal 


diversity. 


The  rugosus/Eomiodon securiformis subset 


Whilst in all other subsets of the /sognomon rugosus association infauna 
plays hardly any role, the shallow burrowing bivalve Eomiodon securiformis 
167.7 %) is a characteristic species of this subset. 

The subset occurs in silty micrite of the Montejunto Beds south of S. 
Martinho do Porto and in very fine-grained sandstone of the Pteroceriano at 
Santa Cruz. In the Oxfordian Montejunto Beds the /sognomon are of small 
size only. They do not form pavements, but medium-sized clusters leaving 
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space on the sea floor for colonisation by Eomiodon. Species richness (N: 4) 
and evenness (D: 2.8) are low and suggest adverse environmental conditions 
for most faunal elements. 


4.2.2. The Trichites association (Table 4) 


The Trichites associations can be divided into three subsets. They all have in {| 
common that the large, semi-infaunal bivalve served as hard substrate for cementing | 
and epibyssate species. 


The Trichites consolacionensis/Nanogyra nana subset 
See T. saussurei /N. nana associations of Fursicu et al. (1980) and WERNER | 
(1984). 


a eer 


Fig. 7 a, b. Isognomon banks from the Montejunto Beds (Upper Oxfordian) north of | 
S. Martinho do Porto. Isognomon rugosus/Praeexogyra pustulosa association. 
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Table 4. Trophic nuclei of the Trichites association and its subsets. 
Key as in Table 1. 
ET ee se 
rel. abundance presence life trophic 
% % habit group 


Trichites consolacionensis/Nanogyra nana subset 
3 samples, 654 specimens 


Nanogyra nana 65.1 100 EC S 
Trichites consolacionensis 17.1 100 SI S 


Trichites sp./Liostrea moreana subset 
1 sample, 163 specimens 


Liostrea moreana 62.0 E@ S 
| Arcomytilus morrisi 25.8 EB S 
| Trichites sp. 6.7 SI S 


Trichites sp./Lopha solitaria subset 
3 samples, 490 specimens 


| Lopha solitaria 83.9 100 EC S 
Trichites sp. 1283 100 SI S 


Diversity: N: 18.3; D: 3.0. 
Environment: marine lagoons and bays. 


| The Trichites sp. /Liostrea moreana subset 

The single sample comes from a bedding plane in micrites of the 
Portlandian A at Cabo Espichel. Trichites and Arcomytilus morrisi occur in 
spaced clusters and indicate that hardly any post-mortem disturbance of the 
_ shelly fauna has taken place. The medium-sized oyster Liostrea moreana 
encrusts Trichites, whilst Arcomytilus forms separate clusters. Infaunal 
_ bivalves are very rare. Some coral heads and ampullinid gastropods complete 
_ the faunal spectrum. Diversity (D: 2.2; N: 9) is low, again possibly due to soft 
_ substrate conditions. 


The Trichites sp./Lopha solitaria subset 


Several bedding planes in the Montejunto Beds at S. Martinho do Porto 
are characterized by large Trichites sp. and numerous Lopha solitaria which 
partly encrust Trichites and partly form clusters of their own. The substrate is 
| biomicrite to biopelmicrite. Rarer encrusters include Nanogyra nana and 
 Liostrea moreana. Infaunal deposit feeding elements are represented by small 
specimens of the lucinid ?Discomiltha. Rare, but typical are several species of 
~nerineid gastropods, whilst two species of Ampullina are restricted to one 

sample. The remaining faunal elements are a terebratulid, a hydrozoan and a 


cidaroid echinoid. Diversity values are very low (D: 1.4; N: 7.7). They 
indicate some adverse environmental conditions. 
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Bakevelliid sp.A ass. 


40 


60 


Fig. 8. Trophic nucleus of the bakevelliid sp. A association. 1: bakevelliid sp. A; 
2: Isognomon rugosus; 3: Nerinea sp.; 4: Myophorella muricata; 5: Arcomytilus morrisi, 
6: Ovalastrea michelini. 


The bakevelliid sp. A association (Table 1, Fig. 8) 
See WERNER (1984). 
Diversity: N: 25; D: 2.7. 
Environment: moderately agitated prodelta. 


4.2.3. Semi-infaunal assemblages (Table 2) 
The Stegoconcha occidentalis/Lopha solitaria assemblage 


A large bedding plane in the Alcobaga Beds at Salgados exhibits 
undisturbed spaced clusters of the pinnid bivalve Stegoconcha occidentalis in 
life position. The relatively thin-shelled S. occidentalis apparently lived, 
similar to Pinna, partially buried in the sediment. The dominant species of 
the assemblage is Lopha solitaria which formed clusters on the sea floor and 
on Stegoconcha. Other characteristic species include the large infaunal bivalve 
Ceratomya excentrica, the semi-infaunal mytilid /noperna perplicata and the 
gastropods ?Neritoma and “Globularia” sp., many of which exhibit colour 
patterns. Evenness is moderately low (D: 3.0), species richness intermediate 
(N: 12). The substrate is silty biomicrite. 


The Modiolus subaequiplicatus assemblage 


The assemblage occurs in micritic fine-grained sandstone of the Alcobaca 
Beds south of Salgados. The semi-infaunal Modiolus subaequiplicatus is the 
dominant species. A second species of Modiolus is the epibyssate M. 
beirensis. Other common species include the oysters Praeexogyra pustulosa 
and Nanogyra nana, ampullinid gastropods and the coral Comoseris 
Jrondescens. Diversity values are intermediate (D: 5.2; N: 15). 
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The sediment is heavily bioturbated by Rhizocorallium irregulare and 
Thalassinoides suevicus. The assemblage apparently represents fully marine 
environments. 


4.3. Endobenthic associations and assemblages 


Endobenthic associations and assemblages are widespread in fine-grained sediments 
ranging from shelf muds to silts and marls of brackish bays and lagoons. They vary in 
diversity from near-mono-specific to species-rich faunas and usually show signs of 
gentle in-situ reworking. Most species are small and nearly all occur as moulds. In the 
ı following, 12 associations and 6 autochthonous assemblages are briefly described. 


Mesosaccella dammariensis / Corbulomima suprajurensis 
ass. 


20 x 
Corbulomima suprajurensis/ Protocardia peraltaensis ass. 


40 


20 


Nicaniella sp.nov. / 
Protocardia peraltaensis ass. 


| Fig. 9. Trophic nuclei of three infaunal softground associations. je Corbulomima supra- 
\ Jurensis, 2: Mesosaccella dammariensis; 3: Protocardia peraltaensıs; 4: Nicaniella sp. nov.; 

5: Inoperna perplicata; 6: Isocyprina (Venericyprina) sp.; 7: Jurassicorbula virial; 8: 
bivalve T; 9: Thracia depressa; 10: Nicaniella cingulata; 11: Anomia suprajurensis; 12: 


burrowing bivalve sp. A; 13: Tancredia (P.) typica. 


294 Franz T. Fürsich and Winfried Werner 


4.3.1. Endobenthic associations (Table 5) 

The Mesosaccella dammariensis/Corbulomima suprajurensis association 
(Fig. 9). 

See M. dammariensis/C. suprajurensis association of Firsicu et al. (1980) 
and FürsıcH (1981a) and C. suprajurensis/M. dammariensis association of 
WERNER (1984). 


Table 5. Trophic nuclei of endobenthic associations. Key as in Table 1. 


rel. abundance presence life trophic 
% % habit group 


Mesosaccella dammariensis/Corbulomima suprajurensis association 
21 samples, 2866 specimens 


Corbulomima suprajurensis 29.8 100 IS S 
Mesosaccella dammarensis 194 100 IV D 
Protocardia peraltaensis 1.3 86 IS S 
Nicaniella sp. nov. 5.9 52 IS S 
Inoperna perplicata 4.2 38 SI S 
Isocyprina (Venericyprina) sp. 4.1 28 Si S 
Jurassicorbula viriati DF} 33 SI S 
bivalve T za 24 IS S 
Thracia depressa 1.9 62 ID S 
Nicantella cingulata 1.9 20 IS S 
Anomia suprajurensis 1.8 52 EC S 
Corbulomima suprajurensis/Protocardia peraltaensis association 

2 samples, 217 specimens 

Corbulomima suprajurensis 41.5 100 IS S 
Protocardia peraltaensis 17.9 100 IS S 
burrowing bivalve sp. A 8.3 50 IS S 
Nicaniella sp. nov. 6.4 100 IS S 
Thracia depressa 32 50 ID S 
Tancredia (P.) typica 32 100 IS S 
Nicaniella sp. nov./Protocardia peraltaensis association 

2 samples, 181 specimens 

Nicaniella sp. nov. 61.3 100 IS S 
Corbulomima suprajurensis Wei 100 IS S 
Protocardia peraltaensis 3.9 100 IS S 
Thracia depressa/Corbulomima suprajurensis association 

5 (3) samples, 433 specimens 

Thracia depressa 25.4 100 ID S 
Corbulomima suprajurensis 1929 100 IS Ss 
Protocardia intexta 14.5 100 IS S 
Jurassicorbula viriati 7.8 67 IS S 
Mesosaccella dammariensis 6.2 100 IV D 
Protocardia peraltaensis 08 100 IS S 
“Arca” ficalhoi 39 100 EB S 


——— eee eee 
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rel. abundance presence life trophic 
% % habit group 


Vhracia depressa association 
(2) samples, 186 specimens 


Vhracia depressa 72.6 100 ID S 
orbulomima suprajurensis 4.8 100 IS S 
Mec nietta sp. 3.8 50 IS S 


Laternula sp. association 
. samples, 260 specimens 


„aternula sp. 43.5 100 ID S 
Palaeonucula menkii 23.8 100 IV D 

Dorbulomima suprajurensis 13-1 100 IS S 
urassicorbula edwardi association 

9 samples, 1690 specimens 

Hurassicorbula edwardi 42.6 100 IS S 

t4nomia suprajurensis 14.8 68 EE 5 
hracıa depressa 8.9 26 ID S 
rotocardia peraltaensis 8.7 58 IS S 
icantella sp. nov. 3.4 47 IS S 
odiolus subaequiplicatus 29 63 SI S 
anogyra nana 2.6 16 EC S 
‘urassicorbula viriati/Eomiodon securiformis association 

? samples, 396 specimens 

| 

Jurassicorbula viriati 43.2 100 IS 5 

Eomiodon securiformis 29.8 100 IS S 

Praeexogyra pustulosa 10.3 50 E@ S 

Eomiodon securiformis association 

5 samples, 542 specimens 

Eomiodon securiformis 47.1 100 IS S 

terithiid gastropod 17.4 67 EV H? 

Nanogyra nana 15.4 33 EC S 

Myrene hannoverana/Jurassicorbula viriati association 

5 samples, 1076 specimens 

Myrene hannoverana 63.7 100 IS S 

furassicorbula virialt 28.3 100 IS S 

———$— i 

Myrene hannoverana association 


[yrene hannoverana 82.0 100 IS S 
Worene estremadurae association 
5 samples, 1082 specimens 


Myrene estremadurae 80.6 100 IS S 
| "2 77382 Der ra Steed cin hes res. Ste 


i as 139 specimens 


22 N. Jb. Geol. u. Paläont. Abh. Bd. 172 
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Diversity: N: 9-27, N: 17.3; D: 3.7-9.8, D: 6.3. 
Environment: low energy prodelta with small salinity fluctuations. 


The Corbulomima suprajurensis/Protocardia peraltaensis association (Fig. 9). 


The two index species, both shallow burrowing suspension feeders, 
account for about 60% of the fauna. Other infaunal elements include 
Nicaniella, Tancredia typica and the deep burrowing Thracia depressa. 
Epifaunal species are rare and represent less than 7% of the fauna. They 
include encrusters such as Liostrea, Nanogyra and Anomia as well as rare 


?herbivorous gastropods. 

Diversity values are intermediate (D: 4.2; N: 18.5). The association occurs 
in silty fine sand and marl of the Kimmeridgian and Portlandian at Cabo 
Espichel. The main difference from the Mesosaccella dammariensis/Corbu- 
lomima suprajurensis association is the lack or scarcity of deposit-feeders. 
This possibly indicates a lower degree of nutrients in the sediment. 


The Nicaniella sp. nov./Protocardia peraltaensis association (Fig. 9). 


Partly synonymous with the Corbulomima dammariensis association of FÜRSICH et | 


al. (1980). 


The association is characterized by the dominance of the shallow | 
burrowing small astartid Nicaniella sp. nov.. Nearly all faunal elements are 
shallow burrowers and suspension feeders, exceptions being some deposit 
feeding Mesosaccella and Palaeonucula, some gastropods (Procerithium, 
Ampullina) and the epibyssate bivalve Pseudolimea. Diversity values are low || 


(D225: Nal): 

The association occurs in lagoonal marl of the Kimmeridgian/Portlandian 
at Cabo Espichel. Soft substrate conditions and fluctuating salinity values 
appear to have limited faunal diversity. 


The Thracia depressa/Corbulomima suprajurensis association 
See WERNER (1984). 
Diversity: N: 14.3; D: 6.5. 
Environment: low energy prodelta with slightly fluctuating salinity. 


The Thracia depressa association 
See WERNER (1984). 


Diversity.” N: i2 Des 1:8: 
Environment: low to moderate energy delta front with fluctuating 
salinities. 


The Laternula sp. association (Fig. 10 A). 


IF 
The association occurs in marl and calcareous marl of the Alcobaga Beds | 
near Vestiaria. The most abundant species, Laternula sp., has not been 
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|Myrene 
yhannoverana/ 
|Jurassicorbula 
|viriati ass. 


20 


40 


?Laternula sp. 
ass. 


40 
60 


Fig. 10. Trophic nuclei of two infaunal softground associations. A, Laternula sp. 

association; 1: Laternula sp.; 2: Palaeonucula menkii; 3: Corbulomima suprajurensis; 
B, Myrene hannoverana /Jurassicorbula viriati association; 1: Myrene hannoverana; 2: 
Jurassicorbula viriatt. 


| recorded outside the association. The two other members of the trophic 

nucleus are the mobile infaunal deposit feeder Palaeonucula menkii and the 

_ shallow infaunal suspension feeder Corbulomima suprajurensis. Deep and 

_ shallow burrowers are of equal importance (39% each) whilst epibyssate 
(small Arcomytilus, Modiolus and Camptonectes) and cemented forms (small 

| Liostrea, Nanogyra) are rare. Diversity values are moderately low (D: 3.5; N: 

10). The microfauna consists of lituolids and some ostracods. The substrate 
appears to have been soft, salinity close to normal marine. The presence of 
the oligo- to brachyhaline Jurassicorbula viriati, however, suggests occasional 
incursions of waters of reduced salinity. 


‚ The Jurassicorbula edwardi association 

See Fursich (1981a) and Werner (1984). It also occurs rarely in 
Portlandian strata at Cabo Espichel. PR 

Diversity: N: 4-19, N: 9.2; D: 1.1-6.6, D: 3.2. 

Environment: brackish lagoons and bays; more rarely fully marine. 


The Jurassicorbula viriati/Eomiodon securiformis association 

In the Lower and Middle Kimmeridgian, Jurassicorbula edwardi does not 
occur. Instead another, smaller species of Jurassicorbula, J. viratı, is 
widespread, in fine sandy marl and silty fine-grained sandstone with plant 
fragments and lignite pieces. Together with the shallow burrowing bivalve 
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Eomiodon securiformis this bivalve forms a distinct association in the 
Alcobaca Beds around S. Martinho do Porto. Infaunal elements strongly 
dominate one sample, whilst in a second the encruster Praeexogyra pustulosa 
accounts for 34% of all individuals. In the latter case, Praeexogyra may 
represent part of a succession where, due to winnowing, exhumed shells of 
infaunal species were available for colonisation. (In the same sample, 
encrusting serpulids and Plagioecia are common.) Most Eomiodon are small 
to tiny in comparison to specimens occurring elsewhere. Diversity values are 
moderately low (D: 3.7; N: 14). This and the nature of the substrate (rich in 
lignite and plant debris) points to an environment with fluctuating salinity 
values. 


The Eomiodon securiformis association 


See Fursicu et al. (1980) and Fürsıch (1981a). It occurs also in the 
Kimmeridgian Alcobaga Beds. 

Diversity: N: 3-21, N: 7; D: 1:2-3.5, D: 1.9. 

Environment: high energy delta front to low energy brackish bays. 


The Myrene hannoverana/Jurassicorbula viriati association (Fig. 10 B) 


Shallow infaunal elements invariably represent 80-100% in terms of 
abundance. The neomiodontid bivalve Myrene hannoverana and the corbulid 
Jurassicorbula viriati account for over 90% of the individuals. All other 
faunal elements occur never more than once. Among them are a second 
neomiodontid, some freshwater gastropods such as Valvata (Cincinna) and 
Ptychostylus, but also the coral Amphiastrea piriformis. Diversity values are 
low: D: 2.1; N: 5. The association occurs in the Alcobaca Beds in marly 
micrite and marly silt with abundant plant debris and lignite pieces. 

Low diversity values and presence of freshwater gastropods point to an 
environment with strongly lowered and/or fluctuating salinity values. This is 
supported by the microfaunas which consist predominantly of lituolids and 
ostracods, rarely of ostracods only. 


The Myrene hannoverana association 


The Myrene hannoverana association differs from the Myrene hannove- 
rana /Jurassicorbula viriati association by still lower diversity values (D: 1.8; 
N: 4), strong dominance of M. hannoverana and the lack of J. viriati. Fresh- 
water elements are very common and may account for more than 50% of the 
fauna. The association occurs in the Alcobaga Beds in the vicinity of S. 
Martinho do Porto in fine sandy marly silt. It clearly lived in waters of 
strongly reduced salinity. 

The microfauna consists of ostracods only. 
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| The Myrene estremadurae association 


See Neomiodon sp. A association of WERNER (1984). 


Diversity: N: 9.6; D: 1.6. 
Environment: strongly brackish low energy lagoons. 


14.3.2. Endobenthic assemblages (Table 6) 


Six autochthonous endobenthic assemblages are known from the Upper Jurassic of 
Portugal. Biostratinomic analysis has shown that they were buried more or less in-situ 
and did not undergo transport. Most likely they represent associations, although no 
quantitative data on their recurrence are available. 


The Mesosaccella dammariensis /Protocardia intexta assemblage 
See WERNER (1984). 

Diversity: N: 14; D: 6.7. 

Environment: low energy prodelta. 


The Protocardia intexta/Corbulomima suprajurensis assemblage 
See Fursicu et al. (1980). 
Diversity: IN: 17: Di 3:6. 
Environment: low energy, soft sea floor (bay/lagoon). 


~The Nicaniella sp. nov. assemblage 


The assemblage is characterized by the small shallow burrowing astartid 
Nicaniella sp. nov., together with a species of Nerinea. Gastropods (Nerinea, 
Procerithium, Neritoma, “Nerita” transversa) represent about 20% of the 
individuals, other epifaunal forms are missing. Diversity values are moderate 
(D: 4.3; N: 15). The assemblage occurs in bioturbated calcareous silt with 
lignite pieces in the Portlandian at Cabo Espichel. The soft substrate seems 
to have been subject to minor salinity fluctuations as only euryhaline forms 


are present. 


The Myophorella muricata/Myophorella alcobacensis assemblage 


In fine sandy micrite of the Alcobaga Beds near Salgados two species of 
Myophorella, M. muricata and M. alcobacensis, account for nearly 80% of an 
individuum-rich assemblage. Jurassicorbula viriati, a species dominating the 
fauna below and above the micrite layer, is also common (11%), whilst the 
remaining fauna (Liostrea, Bakevellia, and Ampullina among the epifauna, 
Protocardia intexta and some other heterodonts among the infauna) 1s rare. 
Diversity values are intermediate (D: 3.0; N: 14). Salinity fluctuations might 
have played some role as all faunal elements are euryhaline. 
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Table 6. Trophic nuclei of autochthonous endobenthic assemblages. Key as in Table 1. 
in ee rom ee SE eee eee 
rel. abundance life trophic 
% habit group 


 ————— — 


Mesosaccella dammariensis/Protocardia intexta assemblage 


1 sample, 64 specimens 


Mesosaccella dammariensis 3153 IV D 
Protocardia intexta 14.1 IS S 
Corbulomima suprajurensis 25 IS S 
Protocardia peraltaensis 9.4 IS S 
?Isocyprina sp. 7.8 IS S 
Inoperna perplicata 4.7 SI S 
Protocardia intexta/Corbulomima suprajurensis assemblage 

1 sample, 124 specimens 

Protocardia intexta 44.3 IS S 
Corbulomima suprajurensis 26.6 IS S 
Anomia suprajurensis 5.6 EC S 
burrowing bivalve A 4.8 IS S 
Nicaniella sp. nov. assemblage 

1 sample, 116 specimens 

Nicaniella sp. nov. 43.1 IS S 
“Nerinea” sp. 13.8 EV S? 
Procerithium sp. 12.0 EV H? 
Jurassicorbula edwardi 6.9 IS S 
Eomiodon securiformis De IS S 
Myophorella muricata/Myophorella alcobacensis assemblage 

1 sample, 254 specimens 

Myophorella muricata 47.6 IS S 
Myophorella alcobacensis 299 IS S 
Jurassicorbula viriati 11.0 IS S 
Eomiodon astartoides/Myrene estremadurae assemblage 

1 sample, 312 specimens 

Eomiodon astartoides 391 IS S 
Myrene estremadurae 23.1 IS S 
Jurassicorbula edwardi 6.4 IS S 
Modiolus subaequiplicatus 6.1 SI S 
gastropod N 3.8 EV H? 
Jurassicorbula inflexa 3.2 IS S 


———— ee ee ee eee 


Palaeonucula menkii assemblage 


2 (1) samples, 69 specimens 


Palaeonucula menkii Sou IS S 
Protocardia peraltaensis 13.0 IS S 
Nicaniella sp. 10.1 IS S 
Jurassicorbula viriati 4.3 IS S 
small turrid gastropod 4.3 EV H? 
Mecochirus sp. 4.3 EV D/SC 
Corbulomima suprajurensis 29 IS S 
Inoperna perplicata DEI SI S 
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The Eomiodon astartoides /Myrene estremadurae assemblage 


See Eomiodon sp. A/Neomiodon sp. A assemblage of WERNER (1984). 


Diversity: N: 16; D: 4.5. 
Environment: brackish lagoon. 


[The Palaeonucula menkii assemblage 


A layer of silty marl in the Alcobaca Beds north of Barrio contained an 
assemblage of moderate diversity (D: 3.4; N: 19) characterized by the deposit 
feeding protobranch Palaeonucula menkii. Apart from Palaeonucula, rare 
oe aporrhaid gastropods and scavenging crustaceans (Mecochirus), 
he remaining species are suspension feeders. Among them, epifauna is rare 
Camptonectes auritus, small Grammatodon, Arcomytilus, Praeexogyra) most 
orms belonging to the shallow burrowing infauna (Protocardia peraltaensis, 
\Nicaniella sp., Jurassicorbula viriatı). 

As the layer contains several ammonites, salinity must have been fully 
marine. Soft substrate conditions may have caused a reduction in species 
diversity. 


‘4.4. Freshwater associations (Table 7) 


Associations which clearly represent freshwater environments have been grouped 
‘separately. Due to their poor preservation, they are less well known in their taxonomic 
position than their marine counterparts. The three associations described in the 
following by no means represent the full spectrum of freshwater communities that 
once lived in the Lusitanian Basin, but represent some common types. 


Table 7. Trophic nuclei of freshwater associations. Key as in Table 1. 


rel. abundance presence life trophic 
% % habit group 


? Modiolus sp. nov./Unio spp. association 
4 samples, 346 specimens 


? Modiolus sp. nov. 50.3 100 SI S 
“Unio” heberti 20.5 100 SI S 
Valvata sp. 22.2 100 EV H? 


a ee ee eee BETT Be SS 
Valvata sp. association 
8 samples, 418 specimens 


Valvata sp. (partim: V. 
helicelloides) 79.4 100 EV H? 


A oe EE wehrte Eee 
Anisopsis sp. association 
3 samples, 374 specimens 


Anisopsis sp. 99:6 100 EV H? 
Valvata sp. 15.8 67 EV in 
Ptychostylus sp. 5.1 67 EV H? 


Reais, Sr en IMI ee Se ES 
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The ?Modiolus sp. nov./Unio spp. association (Fig. 11B) 


The association is known from dark-grey calcareous siltstones of the 
Oxfordian at Figueira da Foz. A small species of ?Modiolus, apparently a 
freshwater form, is the dominant faunal element accompanied by several 
species of unionids (in particular “Unio” heberti) and Valvata sp. The 
unionids and ?Modiolus most likely lived semi-infaunally, whilst Valvata was 
a mobile herbivore. Diversity values are low (D: 2.7; N: 5). This is also true 


of the ostracod fauna (foraminifera are absent). The fauna probably lived in © 


freshwater lagoons adjacent to marine biota as can be demonstrated by the 
fauna in neighbouring beds. 


20 
Anisopsis sp. 


n , 
ass. ?Modiolus sp. nov./ 


40 Unio spp. ass. 


40 
60 


Fig. 11. Trophic nuclei of two freshwater associations. A, Anisopsis sp. association; 
1: Anisopsis sp.; 2: Valvata sp.; 3: Ptychostylus sp.; B, ?Modiolus sp. nov./Unio spp. 
association; 1: ?Modiolus sp. nov.; 2: “Unio” heberti; 3: Valvata sp. 


The Anisopsis sp. association (Fig. 11 A) 


The Anisopsis association occurs in silty, fine sandy marl and argillaceous 
micrite of the Alcobaga Beds. It is dominated by gastropods, in particular 
Anisopsis, Valvata, Ptychostylus and Viviparus, all of them of freshwater 
origin. Solely in one sample do brackish and freshwater bivalves occur, such 
as Eomiodon securiformis and a small unionid. The dominance of herbivorous 
gastropods points to a shallow vegetated lake/lagoon bottom. Diversity 
values are low (D: 2.4; N: 8). 


The samples contain ostracods and charophytes; foraminifera are absent. 
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‚The Valvata sp. /Ptychostylus sp. association 


The Valvata sp. /Ptychostylus association is the most widespread fresh- 
water association occurring from the Upper Oxfordian/Lower Kimmeridgian 
at Outäo (Sierra da Arräbida) to the Kimmeridgian of the Alcobaca Beds in 
the vicinity of Alcobaga. Valvata (often V. helicelloides) represents nearly 
80% in terms of numerical abundance. Another typical species is Piychostylus 
sp., whilst all other forms are rare and occur in one or two samples only (e.g. 
the gastropods Viviparus, ?Loriolina loryana, Ceritella, “Neritina® and the 
bivalves Myrene, small Isognomon rugosus, ?Eomiodon astartoides and 
“Unio”). Diversity values are very low (D: 1.3; N: 3.5) and nearly all species 
are small-sized. The presence of scattered brackish water forms points to 
close association with brackish environments. Coastal lakes or lagoons with 
occasional marine influence are the most likely environments. The micro- 
fossils (ostracods and charophytes) support this view. 


5. Environmental parameters influencing faunal distribution 


Benthic faunas are influenced by a variety of environmental factors. The 
most important parameters, many of them interrelated, are the energy level, 
substrate, food supply, light, oxygen supply and variations in temperature 
and salinity. As most environments under discussion are in shallow water, 
nearshore situations, food supply and light are not likely to have been 
limiting factors (e.g. WoLrr 1973). The subtropical, semi-arid climate at the 
time in question (compare Francis 1984) does not favour major temperature 
fluctuations. There is no faunal or sedimentary evidence of low oxygen 
conditions. On the other hand, the highly variable sediments and their 
“marginal marine setting suggest that energy level, substrate, and salinity 
played the most significant role in governing the faunal distribution. In the 
following, examples of the influence of these three factors, of which salinity 


apparently was of overriding importance, are given. 


5.1. Fauna/energy level relationships (Fig. 12) 


Most endobenthic, bivalve-dominated associations characterize low 
energy conditions where, at the most, episodic gentle reworking and 
winnowing of finer particles took place resulting in formation of thin 
autochthonous shell beds. More often, the fauna occurs scattered throughout 
the sediment. Examples are the Palaeonucula menkii, Myrene hannoverana/ 
Jurassicorbula viriati, Laternula sp., and the Mesosaccella dammariensis/ 
Corbulomima suprajurensis associations. Similarly, some semi-infaunal 
associations (e. g. the Trichites sp./Lopha solitaria and the Stegoconcha occiden- 
talis/Lopha solitaria associations) inhabited low energy environments as is 
indicated by the fine-grained substrate and the preservation of the large 
semi-infaunal species in growth position. 
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BENTHIC ASSOCIATIONS /ENERGY LEVEL 
RELATIONSHIPS 


ENERGY LEVEE 


||| 
INT 


Fig. 12. Benthic associations/energy level relationships illustrated by associations 1-5. 
1: nerineid ass.; 2: Eomiodon securiformis ass.; 3: Modiolus subaequiplicatus ass.; 4: Stego- 
concha occidentalis ass.; 5: Palaeonucula menkii ass.. 


Most epifaunal associations lived on substrates indicative of intermediate 
energy conditions. This is true of, for example, the coral associations. 
Sedimentary structures are usually absent and the silty to sandy substrate 
must have been stable long enough to allow extensive colonisation by 
epibyssate and cemented forms. 

A still higher energy level is represented by the Eomiodon securiformis 
association which sometimes occurs in crossbedded, grain-supported 
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jubstrates. Furthermore, the shallow burrower Eomiodon is thick-shelled, 
Ilearly an advantage for life in high energy environments. 

| Benthic associations from high energy environments are not well known 
is most of them undergo post-mortem transport and faunal mixing. Only 
tarely are they preserved in-situ due to rapid burial. For example one benthic 
‘ssociation living in high energy environments characterized by coarse- 
grained, mobile substrate is dominated by sturdy thick-shelled nerineid 
„astropods. As the nerineids occur in very different states of preservation 
tranging from heavily abraded to beautifully preserved) they clearly represent 
In-situ reworked relics of a community, the exact composition of which 
4annot be reconstructed any more. 


».2. Fauna/substrate relationships 


Benthic fauna/substrate relationships are relatively easily reconstructed 
{rom the fossil record. Properties of the substrate influencing faunal distri- 
ution are its consistency, grain size, degree of sorting and, to a lesser degree, 
sic composition. In Fig. 13, the preference of epifaunal, semi- 
infaunal and infaunal associations for eleven different types of substrates are 
blotted. The various substrate types have been divided, according to their 
mineralogical composition, into siliciclastic and carbonate-rich and then 
tranged so that they represent grain size gradients. Among siliciclastic 
‚ediments substrate consistency often increases with increasing grain size as 
lloes the substrate mobility. 

Epifaunal associations, dominated by cemented (corals, oysters) or 
pyssate species (pteriid bivalves) show a pronounced preference for fine sand 
ind carbonate-rich substrates with admixtures of quartz or bio- and intra- 
lasts. Apparently these substrate types were relatively firm, thus enabling 
he establishment of epifaunal communities. 

Semi-infaunal associations more often occur in carbonate than in 
iliciclastic substrates, above all in micrites. They are dominated by large, 
:ndobyssate forms such as /sognomon, Trichites and Stegoconcha which were 
ble to colonise soft substrates and, in turn, provided secondary hard 
ubstrates for epifaunal species. 

Infaunal associations occur in nearly all siliciclastic facies types and in 
arbonates with admixtures of quartz sand and silt. Associations occurring in 
ine- to medium-grained sands are dominated by bivalves adapted for rapid 
yurrowing in mobile substrates, whilst associations in fine-grained substrates 
onsist largely of small individuals adapted for life in low energy, soft 
ubstrates. 

In Fig. 13, the percentage of samples in which deposit feeders represent 
nore than 10 and 25% of the preserved fauna are plotted in relation to 
ubstrate types. The results from 104 samples show a distinct preference of 
leposit feeders for marly or clayey silt, marl, and silty marl. 
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Fig. 1. a ee n: ae of wen The Br Eee how 
many associations (expressed in percentage) of each of the three association groupings 
occur in a certain type of substrate. Note the preference of epifaunal associations for 
sandy, silty and bioclastic limestones; of epifaunal associations for carbonates, and of | 
infaunal associations for argillaceous to silty substrates and silty to fine sandy micrites. | 
Diversity values decrease with increasing grain size of siliciclastics. 
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Finally, Fig. 13 also illustrates the relationship of diversity (expressed by 
venness and species richness) to the eleven types of substrate. Given are 
toth mean values and ranges. As the sample numbers vary considerable 
imong substrate types, the results are of varying significance. Highest 
iversity values are reached in mixed siliciclastic/carbonate sediments (silty 
ind fine sandy micrite, silty marl), lowest values are found in medium- 
stained sand and clay. Due to the wide range of values within individual 
bstrate types, the trends in diversity are not very significant. It is 
teresting to note that Fürsıcn (1976) found a distinct decrease in species 
iversity from clays to medium-grained sands when analysing fauna/ 
jubstrate relationships in the Corallian (Upper Oxfordian) of England and 
Normandy. A slight decrease is also seen in the present samples. The less 
bronounced decrease is most likely due to the influence of other environ- 
imental factors on diversity in the Portuguese Upper Jurassic, in particular to 
Nuctuations in salinity. In contrast, most of the Corallian samples come from 
more fully marine environments. 

In order to gain more information on fauna/substrate relationships, the 
percentage of life habit groups in the various facies types was plotted (Fig. 
4). Numbers of samples available for each facies varied from 1 to 24. The 
vesults differ accordingly in their significance. Shallow infaunal suspension 
seeders (as a rule bivalves) dominate in most facies types. Deep infaunal 
suspension feeders are significant in only a few types of substrate (e. g. marl 
ind marly silt to silt). Infaunal deposit feeders (aporrhaid gastropods and the 
protobranch bivalves Palaeonucula and Mesosaccella) occur in large numbers 
bnly in clay, marl and silty marl. Semi-infaunal suspension feeders (e.g. 
sognomon, Stegoconcha, Trichites and several species of Modiolus) account for 
'8 and 42% of the fauna in fine sand and biomicrite respectively and are 
are in most other sediments. Epifaunal mobile species (mainly gastropods) 
Te common in medium-grained sand and occur in low numbers in most 
sther types of sediments. Still rarer are epifaunal free-living species (reclining 
pivalves). Epibyssate suspension feeders (Arcomytilus, some arcids) dominate 
8 and are common in sandy silt and sandy, silty, or bioclastic 
imestones. Cemented epifauna (oysters, Anomia, serpulids) is most 
bundant in biomicrites and accounts for about one-third of the fauna in 
Ure micrites and marly silts. It is also present in most other sediments. Its 
listribution is, however, largely governed by the availability of secondary 
yard substrates and therefore only indirectly linked to sediment characte- 
istics such as grain size, consistency, sorting etc. 

The distribution of life habit groups to substrate compares fairly closely 
ith what is known about such relationships from the Recent. For example, 
leposit feeders generally prefer substrates in the clay-silt range (SANDERS 
958, Craig & Jones 1966, Driscott 1969, DrıscoLL & BRanpon 1973), 
vhilst suspension feeders dominate in sandy substrates. 

- The abundance of epifauna in carbonates and mixed carbonate/silici- 
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(clastics partly points to relatively firm substrates, but partly can be explained 
| by the presence of large secondary hard substrates. The general dominance of 
{suspension feeders even in fine-grained sediments may reflect the fact that, 
jin the Jurassic, deposit feeding taxa with skeletal hard parts did not play as 
big a role in shallow water faunas as they do in the Recent. Alternatively, the 
|low prominence of shelly deposit feeders may be explained by their low 
tolerance of salinity fluctuations. After all, most substrates under discussion 
represent very shallow nearshore environments with fluctuating salinities (see 


| below). 


|5.3. The influence of salinity on faunal distribution 


In marginal marine environments, especially in lagoons and protected 
bays, salinity is often the dominant ecological factor. It is, however, very 
difficult to evaluate the degree to which salinity influenced the faunal 
composition in the fossil record, especially where salinity is not the only 
environmental parameter of significance. Consequently, an integrated 
approach is necessary to define the influence of salinity variations on the 
benthic fauna after having subtracted the influence of other ecological 
factors. In order to reconstruct the salinity ranges of benthic associations, the 
following aspects were therefore taken into account (see also FÜRsICH & 
WERNER 1984): 

‚5.3.1. Sedimentary facies 
An analysis of the sedimentary facies provides information on ecological 
variables such as substrate and energy level. The reconstruction of the large- 
scale environmental framework enables us to evaluate, in general terms, the 
likelihood of fluctuating salinities. For example, delta plains are subject to 
large influxes of freshwater and therefore very likely constitute brackish 
environments. Lagoons in semi-arid climates usually exhibit strongly varying 
salinity values changing seasonally from brackish to hypersaline. 

_ Algal mats are frequently interpreted as representing hypersaline condi- 
tions (e.g. FRIEDMAN 1980). 


5.3.2. Sedimentary petrography 

Hypersaline conditions may be also reconstructed from the presence of 
authigenic crystalline quartz in micritic sediments (e.g. Grimm 1964, 
FriepMAN 1980). Authigenic quartz crystals, up to 1.5 mm in length, occur 
for example in several biomicritic beds within the Upper Oxfordian Monte- 
junto Beds around S. Martinho do Porto. This suggests that these beds, repre- 
senting extensive lagoons, experienced at least periodically hypersaline 
conditions that caused reduction of faunal diversity. 
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5.3.3. Microfauna and microflora 

Ostracods, foraminifera (lituolids) and/or charophytes occur in many 
samples. The presence of freshwater ostracods and charophytes can be used 
to postulate freshwater influx and brackish conditions. Similarly, the 
ostracod/foraminifera ratio is a useful tool to recognize deviating salinity 
values as the latter group is far less euryhaline than the former (e.g. SwAIN 
1955). 


5.3.4. Trace fossils 


In brackish and hypersaline environments trace fossils are usually of low 


diversity and exhibit a simple morphology, but do not represent behaviour |} 


patterns that differ drastically from those of normal marine forms. On 
present knowledge they cannot be used as precise salinity indicators, but 
several appear to be tied to low salinity regimes and can be used to 
reconstruct the general environmental setting. In the Upper Jurassic of 
Portugal Polykladichnus irregularis, vertical tubes with Y-shaped bifurcations 
usually connecting to the bedding surface, typically occur in distal distri- 
butary channels in apparently fluctuating salinity conditions (FÜRSICH 
1981 b). Other, better known trace fossils such as Diplocraterion parallelum 
and Ophiomorpha nodosa are also sometimes found close to the shore in 
waters of probably reduced salinity. 


5.3.5. Composition of macrofauna 


Low diversity or lack of stenohaline groups such as belemnites, 
ammonites, brachiopods, ectoprocts, corals and echinoderms strongly point 
to brackish or hypersaline conditions. Species and genera that are known to 
occur in brackish/hypersaline environments elsewhere in the Jurassic can be 
used to indicate deviating salinity values. Particularly useful are studies by 
Hupson (1963 a, b, 1980), Huckrrepe (1967) and Hatriam (1976). 


5.3.6. Size and shell thickness of species 


The size of a particular species can be influenced by a variety of environ- 
mental variables such as substrate consistency, food supply, oxygen supply, 
etc. It has been repeatedly demonstrated (e.g. Gunter 1950, REMANE 1958, 
JarckeL 1964) that, with decreasing salinity, shell thickness and shell size of 
marine benthic invertebrates decreases, as indeed it does in increasingly 
hypersaline settings. Shells consistently smaller than average which occur in 
a variety of substrates are very likely a result of adverse salinity conditions. 
This is not true of brackish endemic species which are well adapted to 
reduced salinity and can reach large size in these environments (e. g. 
Eomiodon securiformis; for examples from the Recent see BINDER (1968)). 
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5.3.7. Faunal diversity 


Along gradients of increasing environmental stress species diversity (both 
ichness and evenness) decreases. If it can be demonstrated that the main 
stress factors are fluctuating, raised or lowered salinity values, the salinity 
anges of benthic associations can be estimated from their diversity values. 
dowever, species diversity is also influenced by biotic interactions such as 
predator-prey relationships (e.g. MENGE & SuTHERLAND 1976, LEvINTON 
1982), trophic amensalism (e.g. RHoaps & Young 1970), or adult-larval 
interactions (WoopIN 1976). It is therefore dangerous to use diversity alone 
n order to reconstruct salinity ranges of benthic associations. 

Each of these factors may lead to erroneous conclusions when considered 
just on its own. Taking all these aspects into account, however, ancient 
“aunas can, with some confidence, be arranged along a salinity gradient and 
sonsequently used to reconstruct the salinity of ancient basins. None of 
[hese associations occupies just a point along the salinity scale, but a certain 
fange. The range can be determined by the change in species composition, 


diversity and size of characteristic elements between samples of individual 
associations. 

Characteristic associations of the Portuguese Upper Jurassic have been 
‘analysed in this way (Figs. 15-17). They are seen to represent the full salinity 
spectrum from euhaline to oligohaline and freshwater conditions, rarely are 
they indicative of hypersaline conditions. In order to avoid confusion with 
evolutionary aspects, only benthic associations from the Lower and Middle 
Kimmeridgian have been plotted. They have been grouped according to 
their dominant life habit in epifaunal, semi-infaunal and infaunal associa- 
tions. This way, influence of other environmental variables is thought to 


have been minimized. 
_ All endobenthic associations of Fig. 15 occur in soft, muddy substrates 
and generally represent low energy environments. The protobranch bivalves 
Palaeonucula menkii and Mesosaccella dammariensis appear to have been 
relatively stenohaline. Associations characterized by these two species are 
confined to the euhaline and brachyhaline regime. The oligo- to mesohaline 
regime is characterized by associations in which neomiodontid bivalves 
(Myrene, Eomiodon) and corbulids (Jurassicorbula viriati) dominate. Both 
groups are known to occur in low salinity environments in other parts of the 
Jurassic and Lower Cretaceous (Casey 1955, HuckrIEDE 1967, MORTER 1984). 
Freshwater associations occurring in similar types of substrates, but 
consisting largely of epifaunal species are represented by low diversity assem- 
blages of small gastropods such as Valvata, Ptychostylus or Anisopsis. 
Epibenthic and semi-infaunal stable substrate associations (Fig. 16) 
mainly occur in mixed sandy-silty sediments. Several of them are confined to 
the euhaline regime. They have high diversity values and contain stenohaline 
organisms such as corals and calcisponges. Associations extending from the 
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\euhaline into the brachyhaline zone are characterized by epibenthic and 
semi-infaunal pteriid and bakevelliid bivalves. Far less associations are found 
in the mesohaline/oligohaline regime - the Lycettia potkilohalina/Anomia 
Suprajurensis association apparently spanned the brachy- and mesohaline 
| regime and reached into the oligohaline zone with a concurrent reduction in 
‘diversity. A similar position along the salinity gradient was occupied by 
_Praeexogyra patch reefs. In the Recent comparable Crassostrea patch reefs 


| flourish in brackish environments along the coast of the Gulf of Mexico 
‘(Parker 1955, 1960, Norris 1953). 


The freshwater ?Modiolus sp. nov./Unio spp. association from Upper 
\Oxfordian mudstones at Cabo Mondego consists largely of semi-infaunal 
species, but occurs in a relatively soft, muddy substrate. 

The reason why less epibenthic associations occupied the meso- and 
| oligohaline regime than endobenthic associations is possibly that living in 
| the sediment the latter were better protected against strong salinity and 
| temperature fluctuations than the former. Of importance in this context is 
| the buffering effect of pore waters that reach slowly to the overlying water 
(Levinton 1982: 342). 

' A third group of associations is characterized by semi-infaunal 
‘bivalves which formed islands and pavements of hard substrate on a 
moderately soft, fine-grained sea floor (Fig. 17). Numerically, these associa- 
‚tions are dominated by encrusting bivalves which colonised the semi- 
infaunal species. Although of generally low diversity, most of these associa- 
‘tions, judging from their composition, appear to represent fully marine 
conditions. The presence of authigenic crystalline quartz in sediments of the 
Trichites sp./Lopha solitaria and Isognomon rugosus/Lopha solitaria associa- 
tions suggests that these associations lived also in hypersaline waters. Solely 
the /sognomon rugosus/Anomia suprajurensis and the I. rugosus /Praeexogyra 
pustulosa associations preferred the brachyhaline regime. No meso- or oligo- 


haline associations are known. | 
Knowing their salinity requirements and relationships to other environ- 


mental parameters the Upper Jurassic benthic associations of the Lusitanian 
Basin can be put in a framework ranging from shallow shelf to coastal plain 
environments (Fig. 18). More specifically they represent environments 
ranging from the low to moderate energy, mixed siliciclastic/carbonate shelf 
where stenohaline faunas prevail to fine-grained prodelta sediments with 
infaunal deposit and suspension feeding bivalves and to mobile delta front 
sands characterized by salinity-tolerant deep and shallow infaunal bivalves. 
Marine and hypersaline lagoons and bays, predominantly with bioclast-rich 
carbonate muds were colonised by large semi-infaunal bivalves and their 
encrusting fauna. Brackish lagoons and bays are particularly widespread. 
They are characterized by silty marl or marly silt and contain numerous 
associations adapted largely to different salinity regimes. On coastal plains, 
freshwater lakes and lagoons with fine-grained sediments contain a sparse 
fauna of small gastropods and, more rarely, of unionid bivalves. 
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Calibrated in this way, the benthic fauna can be used in other parts of the 
_usitanian Basin not studied by us to reconstruct environments in greater 
etail than is possible by just using sedimentological data. 


pecies replacement along salinity gradients 


Knowing the salinity ranges of the associations also helps to explain the 
istribution of individual species within them. For example, the Myrene 
Hannoverana, Myrene hannoverana /Jurassicorbula viriati and Jurassicorbula 
iriatı /Eomiodon securiformis associations all occur in the same environment 
(low energy silty marls representing lagoons or enclosed bays) or roughly the 
ame age (Lower and Middle Kimmeridgian). The three associations 
epresent, judging from their diversity values, environments of different 
jsalinities. The three characteristic species of these associations can therefore 
jbe interpreted as replacing each other along a salinity gradient with Myrene 


\bannoverana occupying the oligohaline range, Jurassicorbula dominating in 
| 


the meso- and lower brachyhaline range and Eomiodon securiformis living 
(preferentially in upper mesohaline to lower brachyhaline waters (Fig. 19). All 
three species show considerable overlap in their distribution patterns and 
‘may occur in different salinity regimes in other environments. For example, 
\Eomiodon securiformis is the dominant species of the oligohaline E. securt- 
\formis association which occurs in well-sorted sandstone of the Upper 
| Kimmeridgian (FUrsicH 1981a). A concurring faunal changeover is recorded 
| by the microfauna: In the Myrene hannoverana association only fresh- and 


‘SPECIES REPLACEMENT ALONG A SALINITY GRADIENT 


1 Jurassicorbula viriati / 


Eomiodon securiformis 
== 
M h / = 
yrene hannoverana = 
Jurassicorbula viriati = 
S| 
4 
(op) 
Myrene hannoverana cb = 


0 10 AN pws KP eee 
ASSOCIATION SPECIES RICHNESS EVENNESS 


Eis. 19. Species replacement along the salinity gradient. Within otherwise identical 
“environments the three species replace each other, with Myrene hannoverana occurring 
near the freshwater edge and Eomiodon securiformis within the brachy- to mesohaline 
zone of the salinity spectrum. A: Eomiodon securiformis; B: Jurassicorbula viriati, C: 


Myrene hannoverana. 
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brackish water ostracods are present, whilst in the Myrene hannoverana/ 
Jurassicorbula viriati association and especially in the Jurassicorbula viriati / 
Eomiodon securiformis association lituolid foraminifera dominate. 


Size changes along salinity gradients 


No quantitative data are available to document size changes along 
salinity gradients. Nevertheless, several species exhibit distinct size diffe- 
rences among samples. Partly they can be explained by substrate properties: 
many species are smaller when occupying soft, fine-grained substrates in 
contrast to sandy substrates. However, species such as Jurassicorbula differ ın 
size even between samples from identical substrates. In this case, size 
increase is probably linked with an increase in salinity, the species apparently 
ranging from the upper mesohaline to the euhaline zone. Eomiodon securi- 
formis similarly occurs in some samples as relatively small individuals only. 
As these samples are relatively diverse and indicate near normal marine 
salinities, the species would appear to have decreased in size with more fully 
marine conditions. A striking example is the Jurassicorbula viriati /Eomiodon 
securiformis association where individuals of E. securiformis do not exceed 2 
cm in height. In contrast, individuals of this species reach up to 8 cm in 
height when occurring in oligohaline regimes. Again, substrate characteristics 
may partly have caused the differences in size. In addition, however, E. 
securiformis apparently reached its greatest abundance in waters of strongly 
reduced salinity. For many other species, available data are insufficient to 
recognize any size gradients. 


Ecological classification of salinity-controlled bivalves 


In Recent estuaries, the fauna can be classified according to its 
relationship to salinity as stenohaline, euryhaline, opportunistic, or brackish 
endemic (BorscH 1977). Based on their distribution pattern, common 
elements of the bivalve fauna from the Lusitanian Basin were classified in an 
analogous way (Fig. 20). Stenohaline bivalves are rare and lived either in 
freshwater (e.g. various species of unionids) or in euhaline waters (e.g. 
Trigonia pseudomeriani and Palaeonucula menkii). The largest group is repre- 
sented by euryhaline species, which were able to invade to a variable degree 
the lower brachy- and mesohaline zone, but which dominate in the euhaline 
and upper brachyhaline regime. Present are both infaunal and epifaunal 
species. Euryhaline opportunists include many epibyssate (e. g. Lycettia poiki- 
lohalina) and cemented species (Anomia suprajurensis, Nanogyra nana, Prae- 
exogyra pustulosa) and less commonly, infaunal forms (e. g. Jurassicorbula). In 
contrast, brackish endemics are only found among infaunal species. Most of 
them form near-monospecific associations characteristic of oligo- and lower 
mesohaline waters. 
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ECOLOGICAL CLASSIFICATION 


Myrene hannoverana 


M. estremadurae 


J. viriati 


Nanogyra nana 
Protocardia peraltaensis, Arcomytilus morrisi 


Mesosaccella dammariensis © > Camptonectes auritus 


Corbulomima suprajurensis CS se 
Lopha solitaria AS 2 


Myophorella lusitanica 
'Unio' sp. div. Ge 


Fig. 20. Ecological classification of benthic bivalves from the Lusitanian Basin. Note 
hat some of the brackish endemic species also exhibit opportunistic behaviour. Ecolo- 
sical classification after BorscH (1977). 


bakevelliid 


OPPORTUNISTIC 


EURYHALINE 


Trigonia pseudomeriani 


HALINE 


Palaeonucula menkii 


6. Faunal changes through time 


| 
| 
| 
| In a last step of our faunal analysis, faunal changes through time are 
Hiscussed. Such changes occur at four levels: 
a) small-scale replacements; 
b) association changes accompanying regression; 
c) evolutionary species replacement; and 
d) evolutionary size increase. 


| 
q 


| 
5.1. Small-scale vertical species replacement 


In several cases, faunal composition drastically changes vertically within 
single beds: For example, an autochthonous shell bed from the Upper 
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SMALE-SCALE VERTICAL FAUNAL REPLACEMENT 


Lopha Praeexogyra Isognomon 
solitaria pustulosa rugosus 


Fig. 21. Environmentally induced small scale vertical faunal replacement. Example 
from the Upper Oxfordian Montejunto Beds north of S. Martinho do Porto. 


Oxfordian Montejunto Beds north of S. Martinho do Porto is characterized 
by articulated endobyssate /sognomon rugosus. Near the base, /sognomon is 
encrusted largely by Lopha solitaria; towards the top, Lopha is gradually 
replaced by another oyster, Praeexogyra pustulosa (Fig. 21). The change is 
most readily explained by a decrease in salinity which caused the repla- 
cement of L. solitaria by the more euryhaline P. pustulosa, whilst I. rugosus 
remained unaffected. The vertical change in faunal composition can thus be 
regarded as a result of changes in environmental variables. It is not a case of 
true succession. 


Similar vertical changes in faunal composition are found in the Kimme- 
ridgian Abadia Beds at Consolagäo (WERNER 1984). For example, a Prae- 
exogyra pustulosa patch reef exhibits a moderate faunal diversity near its base 
where, apart from the oysters, several gastropods, echinoids, and five species 
of corals are present. Towards the top, the latter groups disappear and Prae- 
exogyra pustulosa forms a monospecific association. Again most likely the 
change in faunal composition and diversity has been brought about by 
changing salinity values ranging from eu-/brachyhaline near the base to 
mesohaline near the top. 

Shell layers within silty-sandy sediments at Consolacäo record a 
somewhat different history: The shell layers are dominated by the bivalve 


5 


Fig. 22. Replacement of endobenthic associations within regressive sequence of the 
Lower and Middle Kimmeridgian at Consolagäo. Regression coincides with a general 
decrease of salinity. The complex salinity curve was reconstructed using also epibenthic 
associations, microfauna, trace fossils, and sediments (after WERNER 1984) 
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Fig. 22 (Legend see p. 320) 
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bakevelliid sp. A which most likely lived semi-infaunally. Other members of 
the fauna include several epi- and endobyssate species, corals, mobile © 
gastropods, and cemented and infaunal bivalves. It has been argued (WERNER 


1984) that the substrate was originally colonised by infaunal suspension 
feeders which, during storm events, were exhumed and served as substrates © 
for a population of opportunistic bakevelliid sp. A. The latter in turn 
provided plenty of secondary hard substrates for encrusting bivalves, corals, — 
and bryozoans. Here the change in faunal composition has been caused by 
changes in the energy level and substrate consistency (“taphonomic 
feedback” of Kıpwsın & JABLONSKI 1983). Again, no true succession is 
recorded. 


6.2. Faunal replacement during regression 


At a much larger scale, environmentally induced species replacement can | 
be observed during regressive phases. The lower part of the Kimmeridgian | 
sequence at Consolagäo, for example, records the change from nearshore © 
shelf environments to deltaic environments and, finally, to restricted lagoons” 
(Fig. 22). This change is documented sedimentologically by a change from 
bioturbated silts and fine-grained sandstones with a varying amount of 
carbonate (shelf), to crossbedded sandstones and channels (delta), to silty 
marls and marly silts (lagoon). Faunistically, five soft bottom associations 
replace each other along this gradient. They record progressively decreasing. 
salinities and increasing salinity fluctuations: from shallow euhaline condi- 
tions at the base to oligohaline conditions at the top (Fig. 22). The regression © 
terminates with fluvial and coastal plain sediments. The reconstructed 
salinity curve is based not only on the distribution of the five endobenthic 
associations, but also on the epibenthic and semi-infaunal associations, as 
well as on diversity variations within them. In addition, microfauna, -flora, 
and trace fossils have been taken into account. 


6.3. Evolutionary species replacement 


Due to lack of stratigraphic index fossils in most marginal marine 
sequences of the Lusitanian Basin it is difficult to trace evolutionary lineages. 
In addition, Jurassic bivalves are, on the whole, a slowly evolving group 
(Harram 1975); drastic changes during the time interval studied (Late 
Oxfordian - Early Tithonian) are therefore not to be expected. Nevertheless 
there are a few cases where within-habitat species replacement, most likely ' 
due to evolution, has been observed (Fig. 23). For example, within the 
brackish water genus Jurassicorbula, J. viriati (apparently an endemic form) is | 
restricted to the Lower and Middle Kimmeridgian and is replaced, in the 
Upper Kimmeridgian, by the larger J. edwardi. Similarly, the Middle Kimme- 4 
ridgian brackish water bivalve Myrene hannoverana appears to have been’ 
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its. 23. Within-habitat species replacement of three genera of bivalves from the Upper 
incassic of the Lusitanian Basin. 


iplaced, towards the Upper Kimmeridgian, by the endemic M. estremadurae. 
Ihnally, the shallow infaunal bivalve Myophorella muricata is, in the Upper 
Jimmeridgian, replaced by the endemic M. lusitanica. Each species pair 
Ibpears to have occupied the same environment (as far as it can be judged 


kom substrate and salinity tolerances). The restricted nature of the 
jusitanian Basin and the resulting restricted faunal exchange with other 
Jarassic shelf seas may have facilitated evolutionary changes. That no other 
lases of evolutionary species replacement can be cited may partly be due to 
tower evolutionary rates in marginal marine high stress environments than 
ı more stable offshore shelf environments (e.g. BRETSKY & Lorenz 1970). 


14. Evolutionary size increase 


Among Jurassic bivalves, evolutionary size increase (Cope’s Rule) has 
Heen discussed by Harzam (1975). Within the Upper Jurassic of the 
lusitanian Basin, distinct size increase can be demonstrated in three species: 
kognomon rugosus, Eomiodon securiformis, and Arcomytilus morrisi (Fig. 24). 
Increase in size is most marked in /. rugosus where specimens from the 
pper Kimmeridgian reach more than twice the size of those from the 
pper Oxfordian. For various reasons it is not possible to provide 
torthwhile statistical data to support these observations (lack of precise 
tratigraphic control, specimens too poorly preserved to allow measurements 
whole populations). In the case of Arcomytilus morrisi size increase is 
companied by a gradual change in style of ribbing: earlier forms are 
sually finely ribbed, whilst in populations from the Upper Kimmeridgian 
parsely ribbed forms prevail. 
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Fig. 24. Evolutionary size increase of three bivalve species from the Upper Jurassic of 


the Lusitanian Basin. The figured specimens represent maximum size within strati- 
graphic units. 
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The reason for the observed size trend may be evolution towards an 
ptimum size (STanEy 1973). Harzam (1975) briefly discussed various inter- 
wetations of Cope’s Rule (e.g. decreased annual mortality of larger forms, 
eater reproductive success) and proposed another hypothesis. According to 
im, size increase goes hand in hand with a decrease in population size. 


Infortunately, our data are not sufficient to make any valid comments. 


7. Conclusions 


1) Late Jurassic shallow water sediments of the Lusitanian Basin locally 
jontain rich benthic faunas, chiefly of molluscs. They can be grouped in 
nore than 40 associations and autochthonous assemblages which are either 
‘ominated by epifaunal, infaunal, or semi-infaunal organisms. They range in 
iversity from very high to monospecific. 

2) The distribution of the benthic fauna is chiefly governed by abiotic 
nvironmental parameters, in particular the energy level, substrate and 
talinity. Aspects of substrate influencing faunal distribution include grain 
ize, consistency, and, to a lesser extent, mineralogical composition. Life 
kabit groupings exhibit clear preferences for certain types of substrate. 
| 3) In many cases, the overriding environmental factor was salinity. Taking 
nto consideration sediments, microfauna and -flora, trace fossils, compo- 
ition of macrofauna, size and shell thickness of species and faunal diversity 


| 
| 
N 


evenness and richness), the benthic associations have been assigned to 
certain salinity regimes ranging from hypersaline to freshwater. Due to the 
marginal marine setting of most associations brackish regimes dominate. 

4) With decreasing salinity diversity values usually decrease. This 1s inter- 
»reted as a result of increasing environmental stress. Mesohaline and oligo- 
naline environments are often characterized by infaunal, near-monospecific 
‘ssociations of corbulid or neomiodontid bivalves. Fully marine environ- 
nents contain high diversity associations of molluscs, corals and, in one case, 
talcisponges. The range of each association along the salinity gradient has 
seen determined by changes in diversity, faunal composition and size of 
ndividuals. 
5) Knowing the salinity tolerances of the associations, the environments 
>f the Lusitanian Basin can be interpreted in more detail. They range from 
ow and medium energy shallow marine shelf to prodelta and delta front, 
ind from marine bays to brackish and hypersaline lagoons and bays, and 
reshwater coastal lakes. 

6) The brackish water fauna can be classified according to its relationship 
o salinity as stenohaline, euryhaline, opportunistic, or brackish endemic 
BorscH 1977). Brackish endemics are only found among infaunal species. 

7) In several cases, environmentally induced small-scale temporal faunal 
eplacements were observed. These could be related to either changes in 


alinity or substrate conditions. 
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8) On a much larger scale, the orderly replacement of associations up- 
section in the Kimmeridgian sequence south of Consolagäo could be related 
to gradual regression corresponding to a change from fully marine shallow — 
shelf environments to deltaic environments, to nearshore brackish bays and 
lagoons and, finally, to fluvial environments. 

9) Evolutionary within-habitat species replacement was observed in the 
genera Jurassicorbula, Myrene and Myophorella. 

10) Drastic evolutionary size increase, from the late Oxfordian to the — 
early Tithonian, was observed in the bivalves Isognomon rugosus, Eomiodon 
securiformis and Arcomytilus morrist. 
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Abstract: A rich dinoflagellate flora (47 genera and more than 70 species) contains a 
ie genus based on a new species (Liesbergia n.g. liesbergensis n.sp.). The genus 
Eodinia is emended and two new combinations are proposed. Late Callovian to early 
Dxfordian zonations based on dinoflagellates and ammonites are discussed. 


Key words: Dinoflagellate, New genus Liesbergia, Callovian, Oxfordian, Schweizer 
fura, Liesberg, Biostratigraphy, Dinoflagellate zones, Ammonite zones. 


Résumé: Les sédiments callovo-oxfordiens de Liesberg-Dorf (Anceps-Athleta Schicht, 
Free Tonmergel, Renggeritone et Terrain a chailles) ont fourni une riche 
Flore de dinoflagellés comprenant 47 genres et plus de 70 espéces. Un nouveau genre, 
En n.g.), une nouvelle espéce (Liesbergia liesbergensis n.sp.), une nouvelle 
mendation (Eodinia EisEnack émend. GocHT émend. n.) et deux nouvelles combi- 
haisons (Liesbergia scarburghensis (SARJEANT) n.comb. et Eodinia mosaicum (DODEKOVA) 
n.comb.) sont proposées. La répartition des dinoflagellés de Liesberg-Dorf par rapport 
4ux zones d’ammonites (P. coronatum, P. athleta, O, lamberti, O, mariae, C. cordatum et 
. densiplicatum) est discutée de méme que les corrélations entre zone d’ammonites et 
zones de dinoflagellés du Callovien supérieur/Oxfordien inférieur européen. 


Zusammenfassung: In den Callovo-Oxfordien-Sedimenten von Liesberg-Dorf 
‘Anceps-Athleta Schicht, Eisenoolitischer Tonmergel, Renggeritone und Terrain a 
-hailles) wurde eine reiche Dinoflagellatenflora (47 Gattungen und mehr als 70 Arten) 
entdeckt. Eine neue Gattung (Liesbergia n.g.), eine neue Art (Liesbergia liesbergensis 
h. sp.), eine neue Emendation (Eodinia Eisenack emend. Gocut emend. n.) und zwei 
neuen Kombinationen (Liesbergia scarburghensis (SARJEANT) n.comb. und Eodinia 
nosaicum (DoDEkova) n.comb. werden vorgeschlagen. Die stratigraphische Verteilung 
ler Dinoflagellaten von Liesberg-Dorf wird mit den Ammonitenzonen verglichen (P. 
-oronatum, P. athleta, O, lamberti, O, mariae, C. cordatum und C. densiplicatum) sowie 
nit der Korrelation zwischen Ammoniten- und Dinoflagellatenzonen im europäischen 
Ibercallovien und Unteroxford. 
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Introduction 


Following the recent biostratigraphical progress of palynology for the 
Middle and Late Jurassic, several zonations based on the dinoflagellates were 
proposed, most of them resulting from the investigations in the English and 
North Sea Jurassic (Ravnaup 1978; Rırey & FENTON 1982; WOoOLLAM & — 
Ripinc 1983). In order to compare these results with Swiss Jurassic palyno- 
floras, a first study concerning the early Oxfordian (Zone of Q. mariae) was 
undertaken; the choise of this zone and of the Liesberg quarry was deter- 
mined by the following advantages: 

- The base of the Oxfordian is generally well known for its rich flora of 
dinoflagellates. 

- The sediments of the Zone of O, mariae are very sparse in the Swiss and 
German Jurassic, where there is a generalized hiatus at the basis of the 
Oxfordian (Zones of O, mariae and C. cordatum), unlike the “Liesberg-Dorf” 
quarry which shows a continuous outcrop of these layers (Renggeritone, cf. 
FiscHER 1965). 5 

- Because of their lithology (grey marls) the “Renggeritone” were 
expected to contain rich palynomorph assemblages. 

- This quarry has been the object of numerous paleontological and 
biostratigraphical investigations (DE LorıoL 1896-1899; FiscHER 1965; GyGI 
1977; Grin & ZweıLı 1980; GyGı & MarcHanp 1982; BERNOULLI & GyGI 
1983), which should allow a correlation between ammonite and dinofla- 
gellate zones. 


Biostratigraphical frame 


The “Liesberg-Dorf” quarry, known and studied since the last century (cf. 
Fig. 1), was visited in 1965 by the IXth European Colloquium of Micropa- 
leontology. On this occasion, FiscHER (1965) published a detailed study of 
the quarry (location, map, sections, sketches) with a short historic account 
and the list of the sampled faunas; for further information, the reader should 
refer to this study. 

It also was on the occasion of this colloquium that MırLioup (1965) 
described 10 species of dinoflagellates (with Gonyaulax areolata SARJEANT 
and Wanaea fimbriata SARJEANT), 2 species of acritarchs and 8 species of 
spores and pollens from the “Renggeritone” of Liesberg. 

During his numerous studies of the Oxfordian sediments, R. Gycı repea- 
tedly mentioned the stratigraphical position based on the ammonites of the 
Liesberg-Dorf quarry (Gycı 1977, Gycı & MARCHAnD 1982, BERNOULLI & 
Gyer 1933). 

Finally, in 1980, Grün & Zweırı published a study of the nannofossils of 
Liesberg; the sample taken in the “Renggeritone” (and containing 57 species 
of nannofossils) indicated an early Oxfordian age. 
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Fig. 1. Location map. 


Sampling and Methods 


Sixteen samples were prepared (following the usual palynological 
nethods) at the “Geologisch-Paleontologisches Institut der Universitat 
“übingen”. Eight samples were taken in the “Renggeritone” (including the 
Eisenoolitischer Tonmergel”) and the others in the adjacent stratigraphical 
evels (3 samples in the “Anceps-Athleta Schichten” and 5 samples in the 
Terrain 4 Chailles”). The detailed section with the position of the samples is 
iven in Fig. 2. 

All of the prepared samples were prolific in palynomorphs; they generally 
ontained spores, pollens, acritarchs and tasmanitaceae, as well as a rich flora 
f dinoflagellates (e.g. sample 6 contained a few hundred individuals 
longing to 50 species on only 4 slides). 

The chief purpose of this study being biostratigraphy, the acritarchs, 
pores, pollens and tasmanitides will not be described here, whereas the 
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Fig. 2. Studied section with ranges of some dinoflagellates and ammonite zones. 
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dinoflagellates (70 species distributed in 47 genera) were studied in detail (cf. 
Table 1). 


Taxonomical Remarks 


The following list of taxa contains those cited in the text and in the range 
chart, and includes, where appropriate, brief comments on important aspects 
of taxonomy. A new genus, a new species, two new combinations and a new 
emendation are proposed. All the material is deposited at the “Geologisch- 
Paleontologisches Institut der Universität Tübingen” under no 1636. 


Class Dinophyceae Frirscu 1929 
Order Peridiniales HarckeL 1896 
Family Pareodiniaceae Gocut 1957 


Genus Netrelytron SARJEANT 1961 
N. stegastum Saryeant 1961; Fig. 6/12. Often cited with the genus-name Kalyptea. 


Genus Pareodinia DEFLANDRE 1947, emend. Stover & Evırt 1978 
P. ceratophora DEFLANDRE 1947. 
P. prolongata SARJEANT 1959. 
Family Gonyaulacaceae LINDEMANN 1928 


Following the classification proposed by Stover & Evirr (1978), I subdivided this 
family into 4 groups. 


1. Gonyaulacaceae with apical archeopyle. 


Genus Adnatosphaeridium WitiiamMs & Downie 1966 


“A.” caulleryi (DEFLANDRE 1938) WittiaMs & Downie 1966 


Following the recent works of BeLow (1982), many species were transfered from the 
genus Adnatosphaeridium to the genus Rigaudella BrLow. However, this author thinks 
(written communication) that A. caulleryi is neither an Adnatosphaeridium nor a Rigau- 
della. Because | will not discuss this point here, I retain, for the moment, the attribution 
of A. caulleryi (1. e. Adnatosphaeridium) but with some reservations. On the other hand, 
the affinities between “A. caulleryi” and a few Systematophora (S. valensi, for example) 
or Polystephanephorus often cause some difficulties. In this study, all the specimens 
considered as “A.” caulleryi are only those without proximal (Systematophora) or distal 


ring (Polystephanephorus). Many intermediate forms probably exist between these 
different species. 


Genus Ambonosphaera FEnsoME 1979 


A. calloviana Fensome 1979. 
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Genus Belodinium Cooxson & EISENACK 1960 


|. cf. asaphum, Fig. 7/6. 


Only some rare specimens of this genus were observed. A complete form shows the 
dsence of an apical horn, differentiating this species from B. dysculum C. & E. 1960 
md B. obsoletum DoveKova 1975. There are many affinities with B. asaphum Drucc 
4978, but the paratabulation is not so neat as for the Drucg’s species. 


Genus Chlamydophorella Cooxson & EIsENack 1958 
vhlamydophorella spp. 


Some forms probably belong to this genus, but they are too rare to be determined 


jpecifically. 


Genus Cleistosphaeridium Davey, DowNnIE, SARJEANT & WILLIAMS 1966 


| . : ; eee 
The different species of this genus are not always easy to determinate; in this study, 


distinguished: 
+ The Cleistosphaeridium with simple processes: 


— C. polytrichum (VALENS! 1947) D. D. S. & W. 1969, (> 100 processes, often short) 

- C. polyacanthum Gitmez 1970 (48-72 processes, often short) 

- C. ehrenbergi (DEFLANDRE 1947) D. D. S. & W. 1969 (30-52 processes, a little 
longer than those of C. polyacanthum). 


- The Cleistosphaeridium with processes rather bifurcate: 
— C. lumectum (SarjEant 1960) D. D. S. & W. 1969 


| The Cleistosphaeridium with processes rather stellate: 
- C. tribuliferum (SARJEANT 1962) D. D. S. & W. 1969 


Genus Compositosphaeridium Dopzkova 1974 


= polonicum (GoRKA 1965) ERKMEN & SARJEANT 1980 


Genus Ellipsoidictyum KiEMENT 1960 


‘E. cinctum group” 


I regroup here, with E. cinctum KLeMEnT 1960, a few forms with sparse reticulation, 
yelonging to Ellipsoidictyum but probably different from E. cinctum. 


Genus Epiplosphaera KiEMENT 1960 


ipiplosphaera spp., very sparse 
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Genus Escharisphaeridia ERKMEN & SARJEANT 1980 


Escharisphaeridia spp. 


I regroup here many forms belonging probably to different species of Escharisphae- 
ridia, some are smooth, others reticulate (like E. dictyidia (Sarjeant 1972) E. & S. 
1980). 


Genus Histiophora KLEMENT 


Histiophora spp., very sparse. 


Genus Hystrichosphaerina Apert! 1961 


H. orbifera Kıement 1960. 


Genus Lithodinia Eısenack 1935 emend. Gocur 1975 
“L. jurassica group”, Fig. 5/11. 


This group contains the typical L. jurassica Eısenack 1935 emend. Gocut 1975 and 
some Meiourogonyaulax which are morphologically close such M. caytonensis 
(SARJEANT 1959) SARJEANT 1969, M. callomonii SaRjJEAnT 1972 or M. cristullata 
(SARJEANT 1959) SARJEANT 1969. This “group” fits with the “Meiourogonyaulax cayto- 
nensis group” in WooLLAM & Rıpına 1983. 


Genus Meiourogonyaulax SARJEANT 1966 


Meiourogonyaulax spp. 


Several species belonging to the genus Meiourogonyaulax but different from those 
of the “Lithodinia jurassica group”. Some forms seem close to M. deflandrei SARJEANT 
1968, others may be close to M. rioultii SARJEANT 1968. 


Genus Polystephanephorus SARJEANT 1961 


Polystephanephorus spp. 
Regrouping P. calathus (Sarjeant 1961) DownIE & SARjJEANT 1965 and P. paraca- 
lathus (SARJEANT 1960) Downie & SARJEANT 1965. 


Genus Rigaudella BeLow 1982 
R. aemula (DEFLANDRE 1938) BerLow 1982 


Genus Sentusidinium SARJEANT & STOVER 1978 


In spite of the few species described in the literature (cf. ERKMEN & SARJEANT 1980, 
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In spite of the few species described in the literature (cf. ERKMEN & SARJEANT 1980 
JOURTINAT & GAILLARD 1980), I regrouped all the Sentusidinium into 2 groups 
lowing Woottam & Ripinc (1983): 

Sentusidinium spp. “pilosum group” 

- Elongate form, with thin processes, often pointed distally. 

| Sentusidinium spp. “rioultii group” 

| - Rounded form, with thick processes, bifurcate distally. 


> 


’ 


Genus Sirmiodiniopsis Drucc 1978 


| orbis Druce 1978 


Genius Surculosphaeridium Davey, DOwNIE, SARJEANT & WILLIAMS 1966 


| vestitum (DEFLANDRE 1938) D. D. S. & W. 1966. 
| cribrotubiferum (SaRyEANT 1960) D. D. S. & W. 1966. 


These two species are not always easy to distinguish. 


Genus Systematophora KLEMENT 1960 
jystematophora spp. 


Diverse forms with proximal ring of which some are close to S. valensi (SARJEANT 
60) DownIE & SARJEANT 1965, to S. orbifera KLEMENT and to S. fasciculigera KLEMENT 
60. 


Genus Valensiella EtseNack 1963 


" ovulum (DEFLANDRE 1947) EIsenack 1963 


2. Gonyaulacaceae with precingular archeopyle 


Genus Acanthaulax SARJEANT 1968 


I. venusta (KLEMENT 1960) SARJEANT 1968, Fig. 5/9-10. 


Genus Aldorfia StoveR & Evitr 1978 
L. dictyophora (DEFLANDRE 1938) Stover & Evitr 1978, Fig. 6/9-10. 


The numerous specimens clearly show the wall structure of Aldorfia and agree 
xactly with the description by DerLanpreE (1938). The species could be conspecific 
ith Endoscrinium galeritum reticulatum Pocock 1972 and Endoscrinium subvallare 
ARJEANT 1962. Furthermore, it is possible that forms as described here were sometimes 
onfused with Scriniocassis dictyotus (CooKson & Eıisenack 1960) Bryu 1971. 


Genus Apteodinium EtsENack 1958 


|. nuciforme (DEFLANDRE 1938) Stover & Evirr 1978 
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Genus Chytroeisphaeridia SARJEANT 1962 emend. Davey 1978 


S 


C. chytroeides (SARJEANT 1962) DownIE & SARJEANT 1965 emend. Davey 1979 


Genus Diacanthum Hasrp 1972 
“D.” filapicatum (Gocut 1970) Stover & Evırr 1978 


According to BeLow (1981), the genus Diacanthum is a junior synonym of Occisu- 
cysta GırMez 1970. This would imply the transfer of D. filapicatum to the genus Occisu- 
cysta. However, Occisucysta has a 2P archeopyle, while D. filapicatum has a combined 
one, with 3“ + 4“ + the cingular plates and sometimes other precingular plates (H. 
Gocut and W. Wizz, oral communication). Thus, the attribution of the species 
“filapicata” to the genus Gonyaulacysta (cf. Gocut 1980) Diacanthum (cf. Stover & 
Evirt 1978) or Occisucysta does not seem justified. The erection of a new genus (which 
could be the phylogenetic “ancestor” of Liesbergia) would be desirable, but this is 
beyond the scope of this study. 


Genus Dissiliodintum Druce 1978 
Dissiliodinium spp. 


One ore two specimens can be attributed to this genus, notably on the base of the 
archeopyle (1%, 2“, 3“, 4%, 5“). Different from D. globulum Druce 1978 because of their 
thin and fine wall, they cannot be determinated specifically because of their scarcity. 


Genus Endoscrinium (KLEMENT 1960) VOZZHENNIKOVA 1967 


This genus is sometimes considered as a synonym of Scriniodinium KLEMENT 1957. 


E. galeritum (DEFLANDRE 1938) VozzHENNIKOVA 1967 
E. luridum (DeFLANDRE 1938) GocHt 1970 


Genus Gonyaulacysta DEFLANDRE 1964, ex Norris & SARJEANT 1965, 
emend. SARJEANT 1982 


G. centriconnata Ripinc 1983, Fig. 7/9-10: Before: “Endoscrinium Muir & SARJEANT” 
“G. jurassica s. 1. 


Includes the subspecies G. jurassica (DEFLANDRE 1938) subsp. jurassica DEFL. 1958 
emend. SARJEANT 1982 and G. jurassica (Dert. 1938) subsp. adecta SarjEANT 1982. 
These very frequent forms represent sometimes more than 30% of the dinoflagellates 
in one sample. 


G. vozzhennikovae SARJEANT 1982 
G. eisenackii (DEFLANDRE 1938) Dopekova 1967, emend. SARJEANT 1982. 


According to SARJEANT 1982, this species is probably closer to the genus Gonyaula- 
cysta than to the genus Tubotuberella to which it is often attributed. 
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Genus Hystrichogonyaulax SARJEANT 1969 
12 " cladophora (DEFLANDRE 1938) Stover & Evırr 1978. 


The attribution of the species cladophora to the genus Hystrichogonyaulax is 
generally accepted, but Berow (1981) estimates that the genus is no longer valid and 
ee to range this species in the genus Rhynchodiniopsis DEFLANDRE 1935 emend. 
ELOW 1981. This species is the most frequent form after G. jurassica. 


Genus Leptodinium KLEMENT 1960, emend. Stover & Evitr 1978, 


emend. SARJEANT 1982 
L. mirabile Kıement 1960, Fig. 6/7, 2 specimens only, but very well preserved. 
'L. sp. A, Fig. 6/6-8. 


| A single specimen showing a very well preserved paratabulation and probably 
pelonging to Leptodinium is very distinct from the known species by the presence, on 
‘he parasutures, of spinose ridges. 


Liesbergia n. 2. 


Diagnosis: Cysts relatively large and bearing a precingular (P = 3’’ or2P=3'+ 
#’’) archeopyle. Ornamentation consists of small spines, more or less dense. Paratabu- 
yation standard gonyaulacoid. 

A very characteristic apical horn is formed by anastomosing fibres (cf. Fig. 3). In the 
hpical area, a small vaulting is normally formed just under the horn (cf. Fig. 3). 
Differential diagnosis: This genus can be distinguished from the genus 
[ieanthaulax in having a very characteristic apical horn which is only formed by a 
development of the external ornamentation and not by the entire periphragma as in 
Acanthaulax (cf. Fig. 3). 

| Derivatio nominis: From the Liesberg-quarry (Swiss Jura). 

Type-species: L. lesbergensis n.sp. 

Other species: L. scarburghensis (SARJEANT 1964) n.comb. 


| 

| Remarks: “D.” filapicatum (Gocut 1970) Stover & Evirr 1978 has great 
affinities with Liesbergia. However, the combined archeopyle and the more 
massive apical horn would put this species rather in a genus close to 
1 than in Liesbergia s. str. 


Liesbergia liesbergensis n. sp., Fig. 5/1-7. 


Diagnosis: Cysts relatively large and bearing a precingular (Bao) 
ircheopyle. The ornamentation consists of very sparse spines forming sometimes a 
small reticulation on the plate surface. The parasutures are underlined by numerous 
pines which are generally connected by trabeculae. The paratabulation is very well 
xpressed (including the sulcal and cingular area) and is standard gonyaulacoid. An 
pical horn is formed by elongate anastomosing fibres. 


Description and discussion: This species is very close to Liesbergia 
darburghensis (SARJEANT 1964) n. comb. from which it can be distinguished 
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by its less dense ornamentation and a very well paratabulation; comparing 
with “D.” filapicatum (Gocut 1970) STOVER & Evırr 1978, L. liesbergensis is — 
different by its archeopyle, its apical structure an especially the apical horn 


(cf. Fig. 3). 


Holotype: Sample 6d, coord. 6.0 x 108.2 (WW). Fig. 5/1-4. 

Deposit: Univ. Tiibingen, No 1636/6d 506. 

. Dimensions of the holotype: 82 pm 9, 100 pm long + 18 pm (horn). 

Derivatio nominis: From the Liesberg-quarry. 

Locus typicus and stratum typicum: Renggeritone from Liesberg Dorf, 
Lower Oxford (Cardioceras scarburgense subzone). 


4 AN 
L.liesbergensis L.liesbergensis 
Paratype Paratype | 
No 1636/6c 502 No 1636/6 511 | 


L.liesbergensis 
Holotype 
No 1636/6d 506 


scarburghensis 
1636/10a 520 
"D." filapicatum 
(from Gocht 1970) 


A. venusta As Jenasks 
No 1636/27d 646 No 1636/27a 623 


Fig. 3. Comparis twee } 
8 ıparıson between the apical horns of Liesbergia, Acanthaulax and 
Diacanthum. 
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Liesbergia scarburghensis (SARJEANT 1964) n.comb., Fig. 5/12. 


PARJEANT 1961: “Gonyaulax areolata”, p. 95-97, Pl. 13, Fig. 13, Text-Fig. 5. 
PARJEANT 1964: G. scarburghense, p. 472-473. 
DRUGG 1978: Acanthaulax senta, p. 62, Pl. 3, Fig. 13, pl. 4, Fig. 1-3. 


Because of the elements already discussed (notably the structure of the 
hpical horn), the species G. scarburghensis SARJEANT 1964 is now put in the 
genus Ziesbergia. On the other hand it is confirmed that A. senta Drucc and 
scarburghense SARJEANT (holotype reexamined by W. Wille) are 
Jynonymous. Consequently, the forms described as A. senta or G. scarburg- 
ensis in the literature must be considered now as Liesbergia scarburghensis 
\SARJEANT 1964) n.comb. 


Genus Scriniodinium KLEMENT 1957 


». crystallinum (DEFLANDRE 1938) Krement 1957, Fig. 6/11. 


Genus Tubotuberella VOZZHENNIKOVA 1967, emend. SARJEANT 1982 


T, dangeardii (SARJEANT 1968) Stover & Evirt 1978, emend. Sarjeant 1982. 


This species was sometimes attributed to Dimidiadinium Brıpzaux 1977, but the 
Kecent studies of SARJEANT (1982) seem to justify its return to the genus Tubotuberella. 


IV. apatela (COOKSON & Eısenack 1960) IOANNIDES, STAVRINOS & Downie 1976, emend. 
|i sel 1982, Fig. 5/8. 

| According to SARJEANT (1982) who rejects the genus Glabridinium BrıwEeAaux 1977, I 
Jetain the species apatelum in the genus Tubotuberella. The affinities between dangeardii 
na apatelum confirm that they belong to the same genus. 


5. Gonyaulacaceae with epicystal archeopyle 


Genus Ctenitdodinium DEFLANDRE 1938 


D. continuum Gocut 1970. Fig. 7/11. 

IC, ornatum (EisEnack 1935) DEFLANDRE 1938, Fig. 7/13. 

D. sellwoodii (Sarjzant 1975) StoveR & Evitr 1978, Fig. 7/2. 
1. stauromatos (SarjEanT 1976) Stover & Evırr 1978, Fig. 7/1. 


Remarks: C. sellwoodii and C. stauromatos are often considered as Dichadogo- 
iy) 


aulax SARJEANT 1966 (cf. especially WooLLam 1983). 


Genus Dinopterygium Druce 1978 


D. absidatum Druce 1978, Fig. 7/3. 
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Energlynia SARJEANT 1976 


E. cf. indotata, Fig. 6/1-2. 


Forms of the “Energlynia-Wanaea group” in which the form and the frange of the 
paracingulum seem closer to E. indotata (DRUGG 1978) FensomE 1981 than to E. 
acollaris (DoDEKOVA 1975) SaRyEANT 1978 or W. spectabilis (DEFLANDRE & COOKSON 
1955) Cooxson & EISENACK 1968. 


Genus Eodinia Eısenack 1936 emend. GocHr 1975, new emendation 


Emended diagnosis: polygonal or ovoid body, with small apical horn. The 


widest part of the test is in the lower part of the paracingulum. Paratabulation standard | 
gonyaulacacean 4’, 1a, 6’’, ?6c, 6°’ ',1p., 1’ '’, 6s. Parasutures often underlined by © 


spines. Double wall with endophragma and periphragma joined by massive elements 
giving a mosaical aspect. Archeopyle epicystal. 

Differential diagnosis: Eodinia can be distinguished from Ctenidodinium 
DEFLANDRE 1938 and Korystocysta Woo.tam 1983 by the double wall connected by 


massive or fibrous elements and by the growth of the postcingular plates on both sides. — 


Type-species: Eodinia pachytheca EtsENaAcK 1936 emend. Gocur 1975. 
Other species: E. mosaicum (Dopekova 1975) nov. comb. 
E. cf. mosaicum. 


The problem of K. pachydermum will be discussed with the genus Korysto- 
cysta. 


E. mosaicum (Dopvekova 1975) n.comb., Fig. 7/7. 
Dopexova 1975: Ctenidodinium mosaicum, p. 18-19, Pl. I, fig. 1-6, Pl. II, fig. 1, 3, 6. 


The double wall (underlined by the mosaic aspect), the epicystal 
archeopyle and the apical horn justify the transfer from the genus Ctenido- 
dinium to the genus Eodinia. 


E. cf. mosaicum, Fig. 7, /4, 5, 8. 


. This species differs from E. mosaicum by its “mosaic” only visible by phase contrast. 
With normal light, these forms seemed very close to Korystocysta pachyderma 
(DEFLANDRE 1938) WooLLam 1983. 


Genus Korystocysta WooLLAM 1983 
Korystocysta spp. 


Forms very close to K. kettonensis (SARJEANT 1976) Woottam 1983, but different 
from K. pachyderma (DEFLANDRE 1938) WooLLam 1983. i 

The numerous specimens attributed to “K.” pachyderma possess (at least partially) 
the structure of the wall of Eodinia. It is possible that this species should be transferred 
to the genus Eodinia. However, only the examination of the holoypte of K. pachyderma 


h 


| 
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‘with phase contrast would permit to answer this question. Further, the 


I real plates of K. pachyderma show a growth in both sides as by Eodinia. 
However, the plate configuration seems closer to Ctenidodinium than to Eodinia. 


Genus Mendicodinium MORGENROTH 1970 


4M. groenlandicum (Pocock & SarRjEANT 1972) Davey 1979 


Genus Wanaea Cookson & Eisenack 1958 
|W. digitata Cooxson & Eısenack 1958 emend. WooLLam 1982, Fig. 6/3. 


Although WooıLam (1982) estimates that W. digitata is restricted to Australia, some 
‘specimens which seem to belong to this species (and not to W. thysanota) were 
( observed. 


W. thysanota WooLLaMm 1982, Fig. 6/4. 


|W. fimbriata Sarjeant 1961, Fig. 6/5. 
44. Gonyaulacaceae with combined archeopyle 


Genus Sirmiodinium ALBERTI 1961 emend. Warren 1973 


S. grossii ALBERTI 1961 emend. Warren 1973. 
|Family Stephanelytraceae Stover, SARJEANT & Druce 1977. 


Genus Stephanelytron SARJEANT 1961 
cemend. Stover, SARJEANT & Drucc 1977. 


IS. caytonense SARJEANT 1961, emend. Stover, SARJEANT & Druce 1977. 

|S. redcliffense SARJEANT 1961, emend. Stover, SARJEANT & Druce 1977, Fig. 7/12. 
iS: scarburghense SARJEANT 1961, emend. Stover, SARJEANT & Drucc, 1977. 

| 
| Remarks: Representatives of the genus Stephanelytron are very rare in my samples. 
(Only S. redcliffense is slightly more frequent. 


Peridiniales, genus incertae sedis. 


A. prostatum Druce 1978 


Genus Atopodinium Druce 1978 


| 
1 
I 


| Genus Prolixosphaeridium Davey, DOwNIE, SARJEANT & WırLıams 1966, 
| emend. Davey 1969 


“P.” mixtispinosum group” 
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Includes P. mixtispinosum (KLeMEnT 1960) Davey, DownIE, SARJEANT & WILLIAMS 
1966 and some forms belonging probably to P. deirense Davey, Downie, SARJEANT & 
Wırriams 1966 and P. anasillum ERKMEN & SARJEANT 1980. 


Nannoceratopsiales Peer & Evitr 1980 


Family Nannoceratopsaceae 


Genus Nannoceratopsis DEFLANDRE 1938, emend. Evırr 1961, 
emend. Peer & Evitr 1980 


N. pellucida DEFLANDRE 1938, emend. Evırr 1961. 


Biostratigraphical results 
Ammonite zones and distribution of dinoflagellates in Liesberg 


Thanks to the collaboration of R. Gycı, it was possible to compare the 
distribution of the dinoflagellates with the ammonite zones established in 
the area of Liesberg (cf. Fig. 2); the ranges of many of the dinoflagellates 
exceed the interval studied here (for example C. polonicum, G. jurassica, H. 
cladophora, etc.); nevertheless, beside these long ranging forms, we find some 
excellent stratigraphical markers which are distributed as follows: 

- Echinoceras coronatum Zone (Sample 1, 2 3) and Peltoceras athleta Zone 
(Sample 4?). The samples 1, 2, 3 certainly belong to the E. coronatum zone; 
the sample 4 probably belongs to the P. athleta zone. The dinoflagellates do 
not allow to separate these two zones. Three species seem to be typical: A. 
calloviana, E. cf. indotata and P. prolongata. 

- Quenstedtoceras lamberti zone (Sample 5 ?). The base of the “Eisenooli- 
tischer Tonmergel” belongs to the Q, lamberti zone. It therefore seems 
probable that sample 5 belongs to this zone, but it could also belong to the 
basis of O, mariae zone. Most of the numerous first appearances of dinofla- 
gellates observed in this sample are probably due to the facies which has 
yielded a very rich assemblages. Nevertheless, the following first appearances 
seem typical: W. fimbriata, L. scarburghensis, L. liesbergensis. 

- Quenstedtoceras mariae zone (Samples 6, 7, 10, 18 and ?23). The samples 
6, 7 and 10 belong to the Cardioceras scarburghense subzone, the sample 18 
belongs to the C. praecordatum subzone whereas sample 23 could be situated 
at the limit between the Q. mariae and C. cordatum zones. The range of A. 
venusta begins in the middle part of the zone whereas C. continuum, G. 
vozzhennikovae, W. digitata, L. liesbergensis and E. mosaicum disappear within 
this zone. 

- Cardioceras cordatum zone (Samples 27, 40, 30, 33, 34, 36). L. mirabile 
has its first appearance in this zone. G. centriconnata and “L. jurassica group” 
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Fig. 5 (Legend see p. 349) 
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are diminishing and disappear within this zone. M. groenlandicum subsists 


only in some isolated specimens. W. fimbriata and D. absidatum are still 


| present. 


- Cardioceras densiplicatum zone (Sample 382). It seems probable that 
sample 38 belongs to the base of the C. densiplicatum zone; W. fimbriata, L. 
scarburghensis and D. absidatum are still present, whereas G. centriconnata 


| and M. groenlandicum have disappeared. 


| Comparison with published European dinoflagellate zonations 


A comparison of the distribution of the dinoflagellates in Liesberg with 
the range charts published by Saryeanr 1967, Ritey & SaryEANT 1972, 
Raynaup 1978, FeNsoME 1979 & 1981, WooLLaM 1980, Ritey & Fenton 1982, 
Ripine 1982 & 1983, WooLLam & Rıpıng 1983 shows that most of the strati- 
graphical distributions are virtually identical (e.g. A. calloviana, Energlynia 
spp., P. prolongata, “L. jurassica gr”, L. scarburghensis, M. groenlandicum). 
However, some species have somewhat different ranges, although the discre- 
pancies are generally of minor importance. 


Remarks: The extension of the range of W. digitata and W. thysannota may be 


_ due to the differences in the determination of these two species. The first appearance 


of L. mirabile in the C. cordatum zone is surprising; however, the species is only repre- 
sented by 2 to 3 specimens. The absence of some species is sometimes misleading 
because it can be due to the fact that certain samples (e.g. 5, 6, 38) are much richer 
than others (e.g. 1, 3, 4) or can simply be due to facies change. For this reason, the 
apparently limited ranges of species represented by rare specimens like D. filapicatum, 
A. prostatum, Stephanelytron spp., Ct. sellwoodii, Belodinium spp., Polystephanephorus 
spp., E. luridum, Dissiliodinium spp., H. orbifera, Chlamydophorella spp., P. mixtispi- 
nosum group, N. stegastum and S. orbis may be artifacts. For similar reasons, the 
absence in the late Callovian samples of forms like R. aemula, A. dictyophora, E. 
galeritum, E. mosaicum, S. crystallinum or S. grossii, which are generally well known in 
this stage, could be due to the facies (the samples of the late Callovian are all from 
oolitic limestones). However, some absences are more significant: 


Fig. 5. 


1: L. liesbergensis n. sp., holotype No 1636/6d 506, general side, x 370. 

: L. liesbergensis n. sp., holotype, dorsal side. x 370. 

3: L. liesbergensis n. sp., holotype, ventral side. x 370. 

4: L. liesbergensis n. sp., holotype, detail of the apical horn, x 920. 

5: L. liesbergensis n. sp., paratype No 1636/6c 502. x 370. 

L. liesbergensis n. sp., paratype No 1636/6f 511. x370. 
T. apatela (CooKson & EIsENACK) IOANN., STAVR. & DOWNIE 1976, em. SARJEANT 
1982 No 1636/38a 1384. x 370. 

9: A. venusta (KLEMENT 1960) SarjEanT 1968 No 1636/27 a 623 ventral face. x 370. 

10: A. venusta (Kı.) Saryeant 1968, dorsal face. x 370. 

I: jurassica Eısenack 1935 emend. Gocut 1975 No 1636/5 Ila 2142. x 370. 


JE, 
12: L. scarburghensis (SaRyEANT 1964) n. comb. No 1636/10a 520. x 370. 
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us 


Fig. 6 (Legend see p. 351) 


| 
| 
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The absence of A. callovians, P. prolongata and Eneglynia spp. in all of the very rich 
post-Callovian samples. 


Ct. continuum is frequent in the Callovian samples (samples 1, 3, 4) becomes rare in 


samples 6 and 7, and finally disappears with sample 10. 


G. centriconnata, frequent in samples 1 to 18, later becomes more and more rare 


and only subsists as a single specimen in samples 30, 33 and 36; it is not present in 


sample 38. A similar process (diminution then disappearance) can be observed in the 


| “L, jurassica group”, M. groenlandicum, W. digitata, E. mosaicum (this latter species, e. £-; 


diminishes gradually from sample 18 onward and disappear with sample 30). 

Some of the dinoflagellate ranges observed in Liesberg modify details of a few 
limits of zones proposed by WooıLam & Ripine (1983) or RıLzy & FENTON (1982). 
These divergences are shown in Fig. 4. The major divergence concerns the top of the 
zone of W. fimbriata (Limit Mariae/Cordatum Zone). 


Conclusions 


The present study demonstrate that the published dinoflagellate zonation 
can also be applied to the late Callovian/early Oxfordian succession of the 
Jura Mountains of northwestern Switzerland. However a few discrepancies 
with published data exist. Since this study is restricted to a single locality, it 


_would be necessary to extend it to other sections in the Jura Mountains in 


order to see if these discrepancies are significant of if they are merely due to 
local particularities. 
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Fig. 6. 

1-2: E. cf. indotata No 1636/la 1230. x370. 

3: W. digitata CooKson & EIsENAcK, emend. WooıLam 1982 No 1636/10b 1918. 
3710) 

4: W. thysanota WooıLam 1982 No 1636/6c 2115. x 370. 

5: W. fimbriata SarjEanT 1961 No 1636/38 b 1400. x 370. 

6, 8:Leptodinium? sp. A No 1636/33a 1519. x 370. 

7: L. mirabile Kırment 1960 No 1636/40 b 1662. x 370. 

9: A. dictyophora (DEFLANDRE 1938) StoveR & Evitr 1978 dorsal side No 1636/30 b 

I, 5x S70), 

10: A. dictyophora (DEFLANDRE 1938) Stover & Evitr 1978 ventral side. x 370. 

11:  S. crystallinum Sarjeant 1961 No 1636/18b 1857. x 370. 

12: N. stegastum Sarjeant 1961 No 1636/7a 1952. x 370. 
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Fig. 7 (Legend see p. 353) 
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A New Species of Didelphodon Marsh (Marsupialia) 
from the Upper Cretaceous of Alberta, Canada: 
Paleobiology and Phylogeny 


By 
Richard C. Fox, Edmonton and Bruce G. Naylor, Drumheller, Canada 


With 9 figures and 1 table in the text 


Fox, R. C. & Nayror, B. G. (1986): A New Species of Didelphodon MarsH (Marsupialia) 


‚ from the Upper Cretaceous of Alberta, Canada: Paleobiology and Phylogeny. - N. Jb. 


Geol. Palaont. Abh. 172: 357-380; Stuttgart. 


Abstract: The stagodontid Didelphodon coyi n. sp. from the Horseshoe Canyon 
Formation, Red Deer River Valley, Alberta, is the first mammal known from this 
formation, famous for its rich fauna of dinosaurs. The new species, characterized by an 
unusually specialized and highly derived antemolar dentition, occurs in beds corre- 
lative with those containing the most primitive and otherwise geologically oldest 
species of Didelphodon known, from the St. Mary River Formation (Edmontonian), at 
Scabby Butte, Alberta. Paleobiologic and phylogenetic implications are discussed. 


Key words: Cretaceous, Mammals, Marsupialia, Didelphodon, Canada. 


Zusammenfassung: Aus der Horseshoe-Canyon-Formation (Unteres Maastrichtium) 
von Alberta, die durch ihren Reichtum an Dinosaurierresten bekannt ist, wird als erstes 
Säugetier Didelphodon coyi n. sp. (Marsupialia, Stagonodontidae) beschrieben. Die Art 
ist durch eine sehr abgeleitete praemolare Bezahnung gekennzeichnet. Die Fundschicht 
entspricht dem Horizont, in dem die ursprünglichsten und bisher geologisch ältesten 
Arten von Didelphodon vorkommen (St-Mary-River-Formation, Scabby Butte, Alberta). 
Paläobiologische und phylogenetische Gesichtspunkte werden diskutiert. 


1. Introduction 


Didelphodon Marsh 1889a is a North American Late Cretaceous 
“opossum-like” marsupial that includes what are possibly the largest Late 
Cretaceous mammals so far discovered, animals about the size of a small 
terrier or the modern Virginia opposum, Didelphis marsupialis (as inferred 
from jaw and dental dimensions, virtually the only parts available for compa- 
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rison). Adaptively, Didelphodon was an animal that evidently capitalized on 
modifications of the dentition that imply a specialized crushing function: for 
example, P3/3 and sometimes P2/2 have enlarged, broadly rounded crowns 
that probably were effective in breaking up molluscan shells, the bones of 
small vertebrates, or similarly resistant foods of animal origin (CLEMENS 
1968). 

Contemporary vertebrate paleontologists recognize three species of Didel- 
phodon. The two best known, D. vorax Marsh 1889 a and D. padanicus CoPE 
1892, are of latest Cretaceous, Lancian (Russe 1975) age, from the northern 
Great Plains (Figs. 1 and 2): D. vorax is a common constituent of Lancian 


Saskatchewan 


e Drumheller 
eWK 


Wyoming | | South Dakota 
300 km 


Fig. 1. Map showing occurrences of Didelphodon in Canada and the United States. Both 
occurrences of D. coyi are in the vicinity of Drumheller; occurrences of D. vorax in the 
Scollard Formation (LILLEGRAVEN 1969) are approximately 60 km north of Drumheller. 
Abbreviations: SB, Scabby Butte; WK, Frenchman Formation; HC, Hell Creek 
Formation; L, Lance Formation. 


mammalian local faunas in both Canada and the U.S.A. (CLEmENs 1966; 
LILLEGRAVEN 1969; CLEMENS, et al., 1979; ARCHIBALD 1982; Fox, in progress), 
whereas D. padanicus is known only from the American states of South 
Dakota (Witson 1965; CLEMENS 1968) and, possibly, Wyoming (ARCHIBALD 
1982). The third species, identified here as Didelphodon sp., is geologically 
older, smaller, and more primitive anatomically; it has been found at but one 
locality, Scabby Butte, in the Edmontonian (Russe 1975) of southwestern 
Alberta (SLoan & Russerı 1974). 

Didelphodon, together with a second genus, Eodelphis MATTHEw 1916, is 
classified in the early marsupicarnivoran family Stagodontidae; these genera 
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| oe Alberta | Saskatchewan] Montana, 
9 Si ee ee eas alien mtne gs, [iS Dakota) Lciom Two 


Scollard Fm. Frenchman | Hell Creek | Lance Fm. 
Fm. Fm. 


~ ~~ Kneehills Tuff IN _ 
(Battle Fm.) 


| Wyoming | 


(Whitemud Fm.) 


Maestrichtian 


Edmontonian 


St. Mary River Fm. 
Horseshoe Canyon Fm. 


Campanian 


Fig. 2. Correlation chart showing formations in which Didelphodon has been disco- 
vered. A: Red Deer River Valley; B: southwestern Alberta, including Scabby Butte. 
Didelphodon is not known to occur in either the Blackmud or Whitemud formations, as 
indicated by parentheses; in the Horseshoe Canyon Formation, D. coyi occurs just 
above the Campanian-Maestrichtian boundary (see LERBEKMO & CoUuLTER 1985). 


are the only known members of the family. Eodelphis is the more primitive 
and the geologically older, ranging from Aquilan (early Campanian) to early 
Edmontonian (latest Campanian) time (Fox 1971, 1981; Samnı 1972; SLOAN 
& RusseLt 1974), and clearly contains the ancestors of Didelphodon within it 
(CrEeMENS 1966; Fox 1981). Whereas Eodelphis shows the beginning of enlar- 
gement of the premolars and increased massiveness of the molars that came 
to characterize Didelphodon dentally, it is features of molar cusp 
development that most strongly indicate a close relationship between the 
two: on the upper molars, the stylar shelf is wide, cusp B and D are 


26 N. Jb. Geol. u. Paläont. Abh. Bd. 172 


360 Richard C. Fox and Bruce G. Naylor 


prominent and C suppressed, and the paracone is reduced in size; on the 
lower molars, the trigonid is anteroposteriorly compressed, the metaconid 
small, and the paraconid large and modified to become a blade-like cusp 
that, with the paracristid, sheared up along the posterior side of the next 
anteriormost upper molar. These features are seen in combination in no 
other Mesozoic therians. 

Conventionally, the configuration of the stylar shelf in stagodontids has 
been thought to represent a derived state among Mesozoic marsupicarni- 
vorans, one modified from an ancestral condition in which a robust stylar 
cusp C was present, flanked by cusps B and D (Cıemens 1966). Recently, 
however, an alternative hypothesis has seemed more in keeping with known 
early marsupicarnivoran history (Fox, in press): the ancestral species may 
have originally lacked a cusp at the C position, in which case the stago- 
dontid configuration would closely conform in this respect to the primitive 
state for marsupicarnivorans generally (as Horrsterter [1970, 1972] has 
already implied, but on different grounds [Fox 1981]). 

Until now, stratigraphic evidence has been consistent with the pattern of 
relationships among the species of Eodelphis and Didelphodon as inferred 
from dental morphology (see CLemens 1966; Fox 1981): while there is some 
overlap in stratigraphic range, the first appearance of each more advanced 
species has been at a younger horizon or, at worst, the same horizon as its 
more primitive sister, so that relationships among the species have seemed 
straightforward. This paper, however, describes a new species of Didelphodon 
that is dentally advanced, but that occurs at an horizon that appears to be at 
least as old as that documenting the earliest and most primitive known 
species, Didelphodon sp., at Scabby Butte (Fig. 2). While this discovery raises 
certain problems in reconstructing the phylogeny of stagodontids that were 
not evident before (see, for example, Fox, 1981), it also adds new infor- 
mation about the anatomy of Didelphodon, of significance in itself and in 
providing a better basis for discussion of the life habits of this unusual group 
of early marsupials. As a matter of further interest, the fossils of Didelphodon 
described here include the first mammalian fossils to be discovered in the 
Horseshoe Canyon Formation of Alberta (~lower Edmonton Formation of 
authors; see Gipson 1977), a unit that has been world-renowned for its rich 
fauna of dinosaurs and other non-mammalian tetrapods for over 60 years 
(Russert 1975, 1983). 

Institutional abbreviations used in the text: UA: The University of Alberta, 
Laboratory for Vertebrate Paleontology. 

AMNH: American Museum of Natural History. 

LACM: Los Angeles County Museum. 

TMP: Tyrrell Museum of Palaeontology. 

USNM: United States National Museum of Natural History. 


All measurements are in millimeters; dental terminology and dimensions measured 
follow Cıemens (1966) and LitLeGraven (1969). 


| 
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2. Systematic Paleontology 
Superorder Marsupialia 
Order Marsupicarnivora RipE 1964 
Suborder Didelphoidea Osgorn 1910 
Family Stagodontidae Marsu 1889 b 
Genus Didelphodon Marsu 1889 a 
Didelphodon coyi n. sp. 


(Figs. 3, 4, 6) 


Holotype: Tyrrell Museum of Palaeontology (TMP) Catalogue Number 84-64-1, 

an incomplete right dentary containing p3, m3-4, and alveoli for an incisor, c, pl-2, 
and ml-2. 

| Type locality: Horseshoe Canyon Formation, exposed along Michichi Creek, at 

locality TMP HC-10, NE1/4, Sec. 22, Tp. 29, Rge. 19, W 4th Mer., at approximately 

107 m above the contact of the Horseshoe Canyon Formation with the marine 

Bearpaw Formation, within member “A” of Ower (1960) and between coal seams 7 and 

8 of Gipson (1977). 

Referred specimens: TMP 83-33-7, a fragment of a left dentary having p3, m2, 
isolated left m3-4?, and associated tooth fragments; TMP 83-33-10, posterior part of a 
right p3 (both referred specimens from locality TMP HC-4, NE1/4, Sec. 4, Tp. 29, Rge. 
20, W 4th Mer., near Newcastle, Alberta, at approximately 76m above the base of the 
Horseshoe Canyon Formation, within member “A” of Ower [1960], and between coal 
seams 5 and 7 of Gipson [1977]). 

Diagnosis: A species of Didelphodon having only one lower incisor, reduced pl- 
2, enlarged, tri-lobate p3, and more primitive lower molars than in known younger 
species of Didelphodon. 

Age and distribution: Late Cretaceous, early Maestrichtian (LERBEKMO & 
Courter 1985), Edmontonian (RusserL 1975), from the Horseshoe Canyon Formation, 
in the vicinity of Drumheller, Alberta, Canada (Figs. 1, 2). 

Etymology: After Mr. Cuive Coy, Tyrrell Museum of Palaeontology, who found 
the type specimen. 


Description of the holotype: The holotype was found in situ, 
weathering from a clean, bentonite-rich, greyish sandstone layer, which also 
contains fossils of Myledaphus sp. (ray); Opisthotriton sp. (salamander); 
Champsosaurus sp.; Crocodilia; Coelurosauria, Carnosauria, Hadrosauridae 
and Pachycephalosauridae (dinosaurs); and ?Pterosauria. 

The holotype is a virtually complete right dentary lacking only the upper 
parts of the coronoid process and the internal extremities of the condyle and 
inflected angle (Figs. 3, 4); it is the most extensively preserved dentary of 
Didelphodon known. Its proportions are striking: the tooth-bearing parts are 
relatively short and the post-dental parts long, implying that D. coy: had a 
relatively short face (only about two-thirds the length of that of Didelphis 
marsupialis: as an index to these differences, the position of the canine on 
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HOLL INGDALE 


Fig. 3. Didelphodon coyi Fox & Nayror, n. sp. TMP 84-64-1, holotype, incomplete right 
dentary containing p3, m3-4, and alveoli for incisor (i), canine, pl (p), p2 and m1-2, A: 
labial, B: occlusal, C: lingual, views. b: ventral boss for insertion of mandibular 
adductor. Scale = millimeters. 
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the holotype falls at about the position of p2 on a specimen of an adult D. 
marsupialis at hand having dimensions similar to those of the holotype in 
the non-dental parts of the dentary). 

The symphyseal surface of the holotype is present, as is most of the 
condyle; their orientations indicate that the mandibles splayed more widely 


B 


Fig. 4. Didelphodon coyi Fox & NAYLOR, n. Sp. TMP 84-64-1, holotype, incomplete right 
dentary containing p3, m3-4, and alveoli for incisor (i), canine (c), pl (p), p2 and m1-2. 
A: anterior view, B: enlarged occlusal view of m3-4. Scale = millimeters. 
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than in D. marsupialis, and that the skull was consequently broader, perhaps 
having proportions resembling those of the modern Tasmanian devil, Sarco- 
philus harrisi (Marsupicarnivora: Dasyuridae), a small carnivore having its 
postcanine dentition adapted for crushing, although in somewhat different 
ways than D. coyi, as shown below (and see CLemENs 1968 for comparisons 
between S. harrisi and D. vorax). On the holotype of D. coyi, the post-dental 
length (from the anterior border of the coronoid process at its base to the 
posterior surface of the condyle) is greater than that of D. marsupialis (Fig. 5) 
or S. harrisi for jaws scaled to the same length, implying that the mandi- 
bular adductor muscles of D. coyi were proportionally larger, or at least 
inserted over a relatively greater anteroposterior surface of the mandible (see 
MACALISTER in CLEMENS [1968: 10] for an account of the extraordinary 
development of the mandibular adductors in Sarcophilus). In any case, the 
muscle mass would have inserted more anteriorly relative to mandibular 
length in D. coyi, closer to the crushing premolars (thereby increasing the 
mechanical advantage in adduction and the forces exerted by these teeth), a 
point of difference, for example, from D. vorax, which has been interpreted 
as having posteriorly inserting adductors and hence poor leverage on the 
mandible and crushing premolars (CLEMENS 1968: 9-10), or S. harrisi, in 
which the molars, not the premolars, are the main crushing teeth. Further, 
when the symphyseal surface of the holotype is held in a vertical plane and 
the condyle horizontally (presumably their orientations in articulation), the 
coronoid process slopes inward (Fig. 4 A), towards the midline, in contrast to 
the dentary of D. marsupialis or S. harrisi, in which the coronoid process is 
nearly vertical. This peculiar orientation probably reflects unusual size of the 
mandibular adductors, as well, possibly providing greater space for muscles 
that would have been bounded by the coronoid process and the zygomatic 
arch in passing to an insertion on the dentary. 

On the holotype, the masseteric fossa is deep (although not so deep as in 
Sarcophilus) and its anterior border is well defined (Fig. 3 A), like that in 
Eodelphis (e.g., UA 7011: Fox 1981), but not D. marsupialis, in which the 
border is weak and the fossa shallow (Fig. 5A). Below the fossa, on the 
ventral margin of the dentary, is a large boss (Fig. 3A), presumably for 
insertion of part of the superficial masseter muscle (see HiıEMAE & JENKINS 
1969, for insertion of this muscle in Didelphis marsupialis). Internally, the 
angular process must have been shelf-like, although only its base remains on 
the specimen (Fig. 3C). 

The robust mandibular ramus extends forward from these posterior parts 
to the anterior end of the dentary, which is complete. The anterior parts of 
the ramus, beneath the canine and p3, are substantially deeper than in D. 
marsupialis (compare Figs. 3 A and 5 A). The symphyseal surface is short and 
descends posteroventrally (Fig. 3C) to beneath the anterior root of p3, and 
not to beneath the anterior edge of the crown, as in D. vorax (CLEMENS 1968) 
or to beneath the diastema between pl and p2, as in Didelphis marsupialis. In 
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Fig. 5. Didelphis marsupialis L., uncatalogued UA specimen, right dentary. A: labial, B: 
occlusal, views. Heavy line indicates position from condyle of anterior border of 
coronoid process on TMP 84-64-1, D. coyi. Scale = millimeters. 


life, the symphysis was probably loose, as it is in Didelphis, and as has been 
inferred for other primitive marscupicarnivorans (CROMPTON & HIIEMAE 
1970); in Sarcophilus, the dentaries are fused at the symphysis (with probable 
restriction in jaw movement to a more limited, vertical, plane than in 
primitive marsupicarnivorans). Externally, the holotype bears two mental 
foramina, the anterior one opening beneath p3, the other, beneath m1 (Fig. 
3 A); D. vorax can have either two or three mental foramina (CLEMENS 1966, 
1968), whereas the holotype of D. padanicus has two, one beneath p2 and 
one beneath the posterior root of p3 (CLEMENS 1966). 

Possibly because the dentigerous parts of the jaw are short in D. coyi, the 
postcanine teeth on the holotype cross the dentary obliquely, and in two 
rows (Fig. 3 B): the posterior row (composed of m1-4) extends anterolabially, 
so that ml is posterolabial to p3 and the anterior root of ml is lateral to the 
heel of the premolar, with greater overlap than described for D. vorax 
(CLEMENS 1968). The anterior row (pl-3) has a similar orientation, with the 
most anterior premolar alveolus opening at the lateral border of the dentary, 
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labial to the canine. The consequence of these departures from alignment of 
the postcanines in a single row as seen in more primitive opossum-like 
marsupials is to decrease the total length of the tooth row in D. coy1, but 
without loss of those teeth that are important in breaking up particularly 
resistant foods, while retaining the primitive marsupicarnivoran capacity for 
independant transverse movement of the dentaries during mandibular 
adduction (CRompTon & HilEMAE 1970). 

‘At the anterior extremity of the dentary is a small, laterally compressed 
alveolus that must have held an incisor (Figs. 3 A, B; 4 A). Which incisor this 
alveolus represents (four incisors are thought to be the primitive number of 
lower incisors in marsupials) is unknown, but since the usual pattern of 
suppression of incisors in marsupials is from distal to mesial, we identify this 
incisor as il. There is no evidence that other lower incisors were present in 
life (nor is this area damaged in the fossil). An enlarged canine alveolus 
opens lateral to the incisor alveolus, and is directed dorsally, anteriorly and 
laterally, suggesting that the orientation of the lower canine in D. coyi was in 
these directions, as is normal in small carnivorous mammals. 

On the holotype, a tiny alveolus opens posterolateral to the canine 
alveolus (Figs. 3B and 4 A); this may have held a very small, single-rooted 
pl. Behind the pl alveolus are two alveoli, of which the more posterior is 
transversely widened and much the larger. We interpret these as the alveoli 
for a two-rooted p2. From the size of these alveoli, p2 was smaller than p3, 
but larger than pl. The abrupt reduction in the anterior premolars as 
indicated by alveolar size likely evolved in correlation with overall reduction 
in length of the tooth-row, diminishing that part of the postcanine dentition 
least important to the crushing function. 

The first tooth in place on the holotype, p3, is very much enlarged, and is 
premolariform (Fig. 3); its crown is unworn (but see below for other 
specimens). Owing to the reduction of pl-2, p3 follows almost directly 
behind the canine; it has a tri-lobate crown that is supported by a trans- 
versely widened anterior root and an anteroposteriorly elongated posterior 
root. The protoconid is the highest part of the crown, and makes up the 
anterior lobe; it is a moderately high, blunt cusp, with bulbous walls, which 
descend further lingually than labially. Its anterior face is shallowly concave, 
presumably for reception of the posterior face of p2. Posteriorly from the 
protoconid, the crown descends to a low, rounded lingual lobe and a shorter 
labial lobe, separated from the lingual lobe along a vertical groove. A partly 
divided cuspule arises from the posterior lobe, at its junction with the base 
of the protoconid. Elongate furrows descend posterolabially, beginning at 
the apex of the protoconid; other, fainter vertical marks are seen lingually on 
the enamel, especially over the posterior lobe. The posterior root tends to 
bulge out beyond the periphery of the lobes posteriorly, perhaps owing to 
the deposition of cement. Neither a paraconid nor a metaconid is developed. 

The first molar is missing from the holotype; its anterior alveolus, which 
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is small and circular, is situated lateral to the posterior lobe of p3 (Fig. 3B). 
The posterior alveolus, which is nearly twice as large as the anterior alveolus, 
is transversely widened across the dentary. From the size of its alveoli, ml 
was relatively small and the smallest of the molars. Two transversely widened 
alveoli represent m2; their size suggests that m2 was somewhat larger than 
mil but smaller than m3. The third and fourth molars are both present and 
are of characteristic size (see Table 1) and construction for Didelphodon, 
showing an enlarged, high paraconid and paracristid with a carnassial notch, 
and a reduced metaconid and broad talonid basin (Fig. 4B). The anterior 
cingulid on m3 is narrow, whereas that on m4 is shelf-like, more nearly 
comparable in its width to the anterior cingulid on all of the lower molars of 
D. vorax. The molars on the holotype, however, are evidently more primitive 
than those of D. vorax (see Fig. 9) in being smaller and in having less 
compressed, less blade-like trigonids, with a more prominent metaconid 
(which nonetheless is the smallest trigonid cusp, as in other stagodontids). 


Table 1. Dental dimensions, Didelphodon spp. 


D> coyt, n. Sp. 
TMP 84-64-1 (holotype) 

IL, ANTW POST W 
p3 8.7 5.8 3.8 
m3 all 4.1 4.1 
m4 [6.0] 4.5 [3.6] 
TMP 83-33-7 
p3 [10.2] [5.7] 4.9 
m2 [5.0] [3.6] [3.9] 
m3 [5.8] x x 
m4 6.7 5.0 4.2 
TMP 83-33-10 
p3 x x 5.6 


D. vorax (Lance Formation; from CLEMENS 1966) 
p3 6.5-9.1 (5) 5.0-6.9 (3) 


Description of the referred (Newcastle) specimens: The fossils catalogued 
as TMP 83-33-7 and 83-33-10 were the first of D. coyi to be discovered; they 
were found weathered free from an calcite-cemented, iron-stained sandstone 
layer containing the disarticulated bones and teeth of a variety of non- 
mammalian vertebrates, including Myledaphus sp. (ray); Lepisosteus sp. (gar); 
Amia sp. (bowfin); Champsosaurus sp.; Crocodilia; theropod and hadrosaurid 
dinosaurs; and an incomplete M1 of a multituberculate mammal (TMP 84- 
166-1). Owing to their structure and nearness to each other when found in 
the field, all but one of the Didelphodon fossils from locality TMP 83-33 
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(Newcastle) probably belonged originally to a single specimen, which, prior 
to erosion, would have consisted of at least part of a dentary, containing one 
premolar and three molars. 

In TMP 83-33-7 the ultimate premolar, p3, is still articulated with the 
dentary (Fig. 6A). The tooth is broken anteriorly, but it is proportionally 
very large: its greatest anteroposterior length is 10.2 mm as preserved, and its 
anteriormost parts are missing (see Table 1 for comparative measurements of 
p3 in Didelphodon spp.). The posterior root is stout, swelling out beyond the 
perimeter of the crown itself (in part as a consequence of deposition of 
cement) and is greatly elongated anteroposteriorly. The anterior root is partly 
broken away, and is exposed in section down the broken anterior edge of the 
dentary, where it can be seen to extend nearly to the ventral edge of the jaw. 
If size of roots is a valid indication, p3 was indeed firmly anchored in the 
dentary in life, as appropriate for a highly specialized crushing tooth. 

In occlusal view (Fig. 6 A), the crown of p3 consists of a bulbous postero- 
lingual lobe that forms a prominent posterior heel, more swollen than that 
on the holotype. A deep furrow separates this lobe from the second lobe, 
which descends down the side of the crown posterolabially; directly above 


Fig. 6. Didelphodon coyt Fox & Naytor, n. sp. A: TMP 83-33-7, fragment of left dentary 
showing posterior part of p3, and m2-4, occlusal view; B-C: TMP 83-33-10, posterior 
part, right p3, B: posterodorsal, C: labial, views. w = wear facet. Scale = millimeters. 
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the beginning of the furrow is a circular cuspule, largely worn away in this 
specimen. A large, crescent-shaped vertical wear facet (Fig. 6 A) from contact 
with the crown of an upper tooth is incised into the dentine of the postero- 
labial lobe. More anteriorly, the crown evidently became somewhat higher 
and wider. An isolated fragment of a flattened premolar crown found at the 
Newcastle locality and having these proportions could represent anterior 
parts of the p3 on TMP 83-33-7, and has been provisionally catalogued with 
at. 

The dentary fragment of TMP 83-33-7 contains the alveoli for ml (Fig. 
6 A); these are the same size and in the same position as the m1 alveoli of 
the holotype, and with m2, show that the molar row crossed the dentary 
obliquely as in the holotype. The crown of m2 is heavily worn, mostly 
obliterating the cusps, but enough of the tooth remains to show that the 
walls of the crown are swollen and the roots are very strong, coalescing 
beneath the crown (the tooth is partly extruded from its alveoli). 

The fossils catalogued as TMP 83-33-7 include two isolated left lower 
molars, which, from their color and wear, appear to be from the same 
individual as the dentary fragment. Although damaged, these molars show 
compression of the trigonid, reduction of the metaconid, and a blade-like 
paraconid comparable that on the molars of the holotype. 

The final specimen in the Newcastle collection, TMP 83-33-10, is the 
posterior part of an isolated right p3 (Fig. 6 B, C). This specimen consists of a 
low, broad posterolingual lobe and a posterolabial lobe having a deeply 
incised vertical wear facet comparable in position to that on the postero- 
labial lobe of TMP 83-33-7, but exposing the dentine (Fig. 6 C). Beneath the 
crown is a stout root which has a vertical groove on one side that originally 
continued up between the posterolabial and posterolingual lobes; the wear 
facet there has virtually obliterated this groove in its extent on to the crown. 
TMP 83-33-10 is even larger than comparable parts of p3 on TMP 83-33-7 
and, hence, on the holotype, and its posterior root is swollen still further 
beyond the periphery of the crown than in those specimens; we interpret 
these differences in size of p3 as having no taxonomic implications. TMP 83- 
33-7 and TMP 83-33-10 indicate that p3 in D. coyi was not only adapted for 
crushing, but also vertical shear. 


3. Comparisons 


The holotype and the referred specimens described here indicate that D. 
coyi is the most advanced and highly specialized species of Didelphodon so 
far discovered, at least in its lower antemolar dentition. This conclusion is 
based on the following: 

1. In D. coyt, p3 is larger and more complex than pl or p2, or than p3 in 
other species of Didelphodon (Table 1), and has a crown that is more highly 
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modified for the characteristic crushing function than in other members of 
the genus; p3 also was a shearing tooth, a function not evident in the lower 
premolars of other species of Didelphodon. 

2. Both pl and p2 are apparently more reduced than in other species of 
Didelphodon, and p2 in D. coyt is smaller than the molars, as indicated by the 
sizes and positions of the alveoli for these teeth in the holotype (in D. 
padanicus, the species of Didelphodon that most resembles D. coyi in size of 
p3, p2 is larger than the molars [Simpson 1929] or p3 [Cremens 1968: 4]. 
Here we accept Marıuzw’s [1916] argument that the holotype of D. 
padanicus has three premolars, and not four, as Cope [1982] supposed; 
Ciemens [1966] reviews the evidence, and see ARCHIBALD [1982]). 

3. The premolar and molar rows cross the summit of the dentary more 
obliquely than in either D. vorax or D. padanicus. (The dentally more 
primitive Didelphodon sp. from Scabby Butte is not yet known from teeth 
articulated in jaws, but would be expected to resemble the ancestral 
Eodelphis, in which the postcanines are in a single linear row [Fox 1981], as 
in Didelphis [Fig. 5B]. The postcanines are in a single linear row in Sarco- 
philus, as well, another indication that whatever might have been the 
patterns of mandibular function in D. coyi, they were somewhat different 
from those of the Tasmanian devil.) 

4. Evidence for a single lower incisor on the holotype of D. coyi contrasts 
with USNM 2136, the holotype of “Stagodon validus” (MarsH 1892), which 
has alveoli for at least three lower incisors (CLEMENS 1966), and which is the 
only other specimen of Didelphodon known in which evidence concerning 
the number of incisors is preserved (USNM 2136 most likely is a specimen 
of D. vorax [CLEMENS 1966] or of D. padanicus [see ARCHIBALD 1982: 158, 
for discussion]). The holotype of Eodelphis browni (AMNH 14 169) has three 
lower incisors, as well, and i2 is enlarged (MatrHew 1916; CLemens 1966). If 
not pathological - and none of the available evidence suggests that it is - the 
reduction to a single small lower incisor in D. coyi is unique among 
Mesozoic therian mammals for which lower incisors are known, and is 
unexpected in a primitive marsupicarnivoran. 

In size of p3 and reduction of pl, D. coyi most closely resembles D. 
padanicus; if the character polarities established here are correct, however, 
D. coyi is more advanced dentally in other aspects of its antemolar dentition 
than is D. padanicus, and is otherwise divergent from it. 


4. Didelphodon sp. from Scabby Butte 


SLOAN & Russet (1974) described isolated molars of two species of stago- 
dontid marsupials from the Edmontonian St. Mary River Formation at 
Scabby Butte, about 200 km southwest of Drumheller; they identified these 
species as Eodelphis? sp. and Didelphodon? sp. On the basis of additional 
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fossils collected by field parties from The University of Alberta, the latter is 
clearly a species of Didelphodon, and one that is new. Owing to their impor- 
tance in understanding the evolution of Didelphodon, these new fossils are 
described and illustrated here; however, naming of this species is deferred 
until it can be better characterized. 


Didelphodon sp. 


1974 Didelphodon? sp. - SLOAN & RussELL, p. 9. 


Locality: At Scabby Butte, about 4.1 km northeast of Nobleford and 1.6 km 
south of Keho Lake, Alberta (Sroan & Russet 1974). 
Referred specimens: UA 16157, LP2; UA 16158, Rp2; UA 16160, Lm2 or m3. 


Description: Three isolated teeth (UA 16157, 16158, 16160) in the 
present collection, including diagnostic premolars, confirm SLtoan & 
Russer’s (1974) tentative identification of a species of Didelphodon at 
Scabby Butte. UA 16157 (Fig. 7A), a well preserved left P2 (L = 3.9; W = 
3.8), shows details of both crown and roots. A high paracone (truncated by a 
prominent wear facet) dominates the crown, while a low, broad lobe extends 
inwards from the base of the paracone; both are covered with smooth 
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Fig. 7. Didelphodon sp., St. Mary River Formation, Scabby Butte, Alberta. A: UA 16157, 
left P2; B: UA 16158, right p2. Occlusal views, scale = millimeters. 


enamel. Two roots support the crown: the smaller arises from the parastylar 
area, the larger from the entire posterior side. The structure of this tooth 
closely resembles P2 of Didelphodon vorax, on a smaller, less derived scale. 
No known Mesozoic therian other than Didelphodon has upper premolars 
showing the development of a prominent lingual lobe (here we accept as 
conclusive Ciemens’ [1968, 1973a] determination that the expanded lobes 
on the upper premolars in Didelphodon are lingual in position). 

UA 16158 (Fig. 7B) is a well-preserved right p2 (L = 4.9; W = 4.2): the 
crown is anteriorly narrow and broadens posteriorly, especially owing to a 
robust lingual lobe that descends over the posterior root. The protoconid is 
the only cusp on the specimen: it has been truncated by a wear facet, but 
obviously was never high. The topography of the enamel posterior to the 
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protoconid is irregular, marked by short grooves. The bases of two roots are 
present. This tooth closely resembles p2 in D. vorax, but is smaller and less 
swollen, with a weaker lingual lobe. 

UA 16160 (Fig. 9) is a left m2 or m3 of an advanced stagodontid, and 
closely resembles teeth at this position in D. vorax; it differs in being smaller 
(L = 5.0; TRI W = 3.5; TAL W = 3.5), and in having a less anteroposteriorly 
compressed trigonid and less reduced (but nevertheless small) metaconid. 
Like lower molars of Didelphodon, the crown is swollen and the anterior 
cingulid is greatly enlarged and shelf-like. 

Each of these teeth shows close resemblances to teeth at comparable 
positions in D. vorax, with the differences reflecting a more primitive stage 
of evolution than in that species, but one more derived than in Eodelphis, 
which, for example, lacks lobate premolars. It should be recorded as well that 
the p2 referred to Didelphodon sp. is too narrow and low to pertain to D. 
coyi, and the molars are both too small and too primitive in structure (Fig. 9). 
Quite clearly, as already discussed elsewhere (Fox 1981), evolution in the 
genus Didelphodon first saw the development of a crushing dentition, 
including specialized premolars; only later was there a marked increase in 
size, as first exemplified by D. coyi, but especially by Lancian species of 
Didelphodon. Evidently, Didelphodon coyi, like other species of Didelphodon, 
was a small predator or scavenger, but one that evolved unexpectedly early, 
well before the end of the Cretaceous and perhaps well before the advent of 
the latest Cretaceous species D. vorax and D. padanicus. 


5. Stratigraphy and Correlation 


On the basis of its contained dinosaur faunas, the Horseshoe Canyon 
Formation is considered to be Edmontonian in age (RussELt 1964, 1975); the 
two localities that have yielded specimens of D. coyi are low in the formation 
(within member “A” of Ower [1960]) and, hence, are early Edmontonian and 
early Maestrichtian (see LERBEKMO & CouLTeR [1985] for discussion of 
position of the Campanian-Maestrichtian boundary in the western Canadian 
Plains). At both localities, the Horseshoe Canyon beds are capped by 
Pleistocene deposits, with no strata of intermediate age intervening, so there 
can be no uncertainty as to the source of the specimens stratigraphically, and, 
hence, no doubt as to the relatively early occurrence of the advanced dental 
morphology that they exhibit. 

The relative age of D. coyi can be made somewhat more meaningful 
evolutionarily by determining the distance between the Horseshoe Canyon 
specimens and the lowest occurrence of D. vorax, and by estimating the 
duration that this thickness of section represents. In the Drumheller district, 
fossils of D. vorax have been found in the Scollard Formation (upper 
Edmonton Formation of authors: see Gisson 1977), which first crops out in 
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‚the Red Deer River Valley east of the village of Trochu, approximately 60 km 
| north of the Horseshoe Canyon mammal localities. The Scollard beds are 
 superpositionally above the Horseshoe Canyon Formation (Fig. 2), and have 
yielded a rich mammalian fauna, of Lancian age (LILLEGRAVEN 1969). The 
lowest occurring specimens of D. vorax that LiLLeGrAven recovered from the 
Scollard are about 2.1 m above the Kneehills Tuff (at Locality UA-3: Liiz- 
GRAVEN [1969, p. 12]), a marker bed (or beds: see RırcHız [1960]; LERBEKMO, 
in press) widespread in south-central Alberta (Fig. 2). We calculate these 
specimens are at least 200 m above the lower occurrence of D. coyi in the 
Horseshoe Canyon Formation. If, as LERBERMO et al., (1979) estimate, rates 
of sedimentation of the Edmonton Group (including the Scollard and 
Horseshoe Canyon formations) are such that 1 m equals 15,000 yr on 
_ average, the earlier specimens of D. coyi are at least 3 million yr older than 
the oldest discovered D. vorax in the Scollard Formation. If, on the other 
hand, newer estimates by LERBEKMO & CouLrer (1985) are more nearly 
correct, and the average rate for Maestrichtian sedimentation in the Red 
Deer Valley was such that 1 m equals 30,000-35,000 yr, then the specimens 
of D. coyi could be as much as 6 million yr older than those of D. vorax in 
the Scollard Formation. Since the Scollard mammalian fauna appears to be 
the same biostratigraphic age as Lancian mammalian local faunas in the 
Lance and Hell Creek formations (ARCHIBALD 1982), the first occurrences of 
D. vorax in Alberta, Montana and Wyoming can be viewed as being approxi- 
mately co-eval geochronologically, none temporally nearer than the others to 
the discovered occurrences of D. coyi. 
The question of the relative ages of D. coyi and the primitive Didelphodon 
sp. at Scabby Butte is a second important issue, and rests at present on the 
‚ work of Langston (1967, 1976). In a detailed review of the geological and 
paleontological evidence, Lancston correlated the St. Mary River Formation 
at Scabby Butte with the lower parts of the Horseshoe Canyon Formation in 
the Drumheller district; in doing so, he placed particularly great weight on 
the occurrence of the peculiar ceratopsid dinosaur Pachyrhinosaurus in both 
areas (LANGSTON 1976: 130): “Perhaps the most restrictive non-marine strati- 
graphic indicator presently available from these levels is the dinosaur Pachy- 
_rhinosaurus: the sole known species P. canadensis, abundant at Scabby Butte 
and in the exposures on Little Bow River, also occurs only in beds of Ower’s 
Edmonton A in the Drumheller District (D. A. Russet, & CHaMNEy, 1967). 
Pachyrhinosaurus was presumably a rapidly evolved genus, like other ceratop- 
sians, whose distribution in time could hardly involve measurable 
homotaxis. Its occurrence at various places in the western interior of Canada, 
therefore, may be accepted in the absence of contrary evidence as a key to 
refined correlation in this region.” The Drumheller specimen of Pachyrhino- 
saurus came from a horizon about 24 m above river level, “near the bottom 
of the badland exposures” (LaNcsTON 1967: 171), probably from below coal 
seam 8 (Gipson 1977), and probably stratigraphically above the Newcastle 
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locality; in any case, from Laneston’s correlations, Didelphodon sp. at Scabby 
Butte must be approximately contemporaneous with D. coyı inrthe 
Drumheller district and might even be slightly younger (although the latter 
conclusion is not essential for the validity of the argument advanced here). 
The contemporaneity of D. coyi and Didelphodon sp., at an horizon signifi- 
cantly older than that at which D. vorax and D. padanicus have been found, 
would not have been predicted from the dental anatomies of any of these 
species a priori, and suggests that our understanding of evolution in the 
Stagodontidae has been significantly incomplete. 


6. Phylogeny 


Historically, the configuration of the posterior premolars has been 
accepted as a useful guide to relationship among the Stagodontidae: a 
simple, trenchant p3, as in Eodelphis browni (CLEMENS 1966; Fox 1981), has 
been considered primitive, while an enlarged, swollen p3, adapted for 
crushing, as in Didelphodon vorax (CLEMENS 1966), has been considered 
derived. Until the discovery of Didelphodon coyi, the stratigraphic succession 
in the Cretaceous of stagodontids having posterior premolars increasingly 
specialized for crushing has been consistent with the morphological polarity 
(from primitive to derived) of p3 established without reference to strati- 
graphic distribution. This correspondence between stratigraphy and 
morphology has been central to orthodox interpretations of the relationships 
among stagodontids (as in CLEMENS [1966] and Fox [1981]). 

With the advent of D. coyi, this correspondence is no longer straight- 
forward. The antemolar dentition of D. coyi, in at least the lower jaw, is more 
advanced than that in Lancian Didelphodon, whereas the lower molars of D. 
coyt, with less blade-like trigonids, are the more primitive. This mosaic of 
states in the dentition of D. coyi imposes certain constraints on the relative 
weights given morphologic and stratigraphic evidence when reconstructing 
the phylogeny of stagodontids: 

1. If the species of stagodontids are arrayed according to increase in size 
and complexity of p3 without reference to geologic time (Fig. 8), then E. 
browni is the most primitive and D. coyi the most advanced, while E. cutleri, 
Didelphodon sp., D. vorax, and D. padanicus display successively more 
advanced configurations of p3 following on that of E. browni. Given this 
array, one of two consequences must follow: either, a) the discovered strati- 
graphic succession of these species is unreliable as a guide to the relative 
times of their origin (for example, D. vorax, if an immediate ancestor of D. 
coyi, would have had to have originated well prior to the early Edmontonian, 
the horizon at which D. coyi appears, with consequent displacement of the 
still more primitive stagodontids yet futher back in time); or b) the 
apparently more primitive lower molar structure in D. coyi must be a conse- 
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quence of a reversal in evolution, from an ancestor having more specialized, 
D. vorax-like, lower molars. 


2. If, alternatively, the first discovered occurrences of the species of 
Eodelphis and Didelphodon are taken at face value (Fig. 8), such that stratigra- 
phically “older” equals anatomically more primitive in the configuration of 
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Fig. 8. Above: diagrams showing polarity of change for stagodontids based on (left to 
right) evolution of p3, evolution of lower molars, and stratigraphic distribution of 
species (the lower molars of D. padanicus are assumed to be equivalent in state to those 
of D. vorax). Below: phylogenetic tree showing hypothesized (dotted lines) 
relationships among stagodontids according to the criteria discussed in text. 
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Fig. 9. Occlusal view, m3, semi-diagrammatic, showing hypothesized stages in evolution 
of trigonid structure in Didelphodon and the closely realted species E. cutleri; from 
bottom to top, m3 of: Eodelphis cutleri, Didelphodon sp., Scabby Butte; Didelphodon 
coyt; Didelphodon vorax. Heavy lines indicate narrowing of trigonid angle over time 
(while trigonid increases transversely and paracristid lengthens). E. cutleri based on UA 
571 (see Fox 1981); Didelphodon sp. based on UA 16160; D. coyi based on TMP 84-64- 
1; D. vorax based on UA uncatalogued specimens, Lance Formation, Wyoming, Hell 
Creek Formation, Montana, and cast of LACM 15433 (see CLEMENS 1968). 


| 
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p3, then either, a) D. coyi, owing to its early occurrence, would have had 
to have evolved independently of D. vorax and D. padanicus; or, b) D. vorax 
and D. padanicus must have undergone separate reversals in evolution from 
a D. coyi-like ancestry towards a more primitive state, including a decrease in 
size of p3 and an increase in size of pl-2. 

In trying to assess which of these alternatives is the most realistic in 
reconstructing the species relationships of stagodontids, we believe it best to 
rely only on those inferences that do not require reversals in evolution 
unless there is evidence for them that is independent of their necessity in 
reconstructing the phylogeny in question (Fox 1976); this is not the case in 
any of the alternatives above. Accordingly, we do not hypothesize a reversal 
from more to less blade-like molar trigonids (requiring an increase in size of 
the metaconid) as would be necessary to account for the origin of D. coyi 
from an earlier, D. vorax-like ancestor, nor do we envision a parallel reversal 
towards a smaller and more primitive-appearing p3 and cancurrent increase 
in pi-2, as would be required if D. vorax and D. padanicus had descended 
from the earlier-occurring D. coyi. Instead, we propose that the degree of 
specialization of the lower molar trigonids (Figs. 8, 9), not that of the crown 
of p3, best serves as an initial guide to the sequence in which the species of 
Didelphodon originated: according to this, revised, scheme, Didelphodon sp. 
would have evolved first, as the most primitive species in this respect, next 
D. coyi and then, at sometime thereafter, D. vorax and D. padanicus, all in a 
close correspondence between known straigraphic succession and degree of 
modification of the lower molars from an ancestral condition. We believe the 
reason why change in trigonid features gives a more reliable estimate of stage 
in evolution in Didelphodon than does increase in size of p3 is functional: 
during mastication, the lower molar trigonids fit in a precise way with and 
between the upper molars (in Didelphodon no less than in other tribosphenic 
therians [Fox 1975]), such that coronal patterns in the occluding teeth must 
evolve in unison, enabling a tight occlusal fit to be maintained in a context 
of continuing evolutionary change. It seems doubtful that the broad “mace- 
like” (CLEMENS 1966) posterior premolars of Didelphodon would have 
evolved under similar functional constraints, and, in fact, the considerable 
intraspecific variation in the size of p3 (CLEMENS 1966; ARCHIBALD 1982; 
Table 1) suggests this to be the case. 

Our hypothesis requires acceptance of a degree of parallel evolution in 
enlargement of p3 (and presumably P3) between D. coyi and the Lancian 
species of Didelphodon: enlargement of the posterior premolars beyond their 
condition in Eodelphis is already seen in Didelphodon sp., and would have 
continued through a divergence towards D. coyi on the one hand, and D. 
vorax-D. padanicus on the other. Thereafter, in the lineage leading to D. coyı, 
the lateral lower incisors were lost and pl-2 reduced, while in its sister 
lineage, only pl was reduced. The parallelism accepted here is substantially 
less than if, for example, the first discovered occurrences of each species are 
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accepted at face value, requiring D. coyi to have originated from Eodelphis 
independently. Our view of the relationships of these species is shown in 
Fig. 8. 

Our hypothesis generates at least two predictions that can be tested by 
future discovery of fossils: 1) pre-Lancian beds should yield evidence of a 
species of Didelphodon with a large p2-3 and unreduced incisors (and hence 
ancestral to D. vorax and D. padanicus); and, 2) pre-Edmontonian beds 
should yield evidence of a second Didelphodon species in which p3 is already 
enlarged, beyond the size seen in Didelphodon sp. at Scabby Butte (and hence 
evolving in the direction of D. coyi). According to our interpretation, then, 
Didelphodon sp. at Scabby Butte must itself must have been a relict species, 
surviving into Edmontonian time, after originating at some, perhaps conside- 
rable, time before. 

In closing, we caution that it may be difficult to unravel the earliest 
history of Didelphodon owing to the interaction of various geological and 
biological factors at the time: most importantly, deposits of the Pierre/ 
Bearpaw sea, representing several million years of marine sedimentation, 
intervene between Judithian and Edmontonian stagodontid-bearing beds in 
the northern Great Plains (Russet, 1975), while further south, where non- 
marine, mammal-bearing strata fill this gap, stagodontid fossils have yet to be 
discovered (CLEMENS 1973 b; ARMSTRONG-ZIEGLER 1978). 
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Abstract: Chitinozoans from the lower middle Ordovician of Oklahoma have good 
stratigraphic potential. They are close to faunas described from the Southern Appla- 
chians, the Cincinnati Region and Baltoscandia, but less similar to those from eastern 
Canada, Great Britain and southwestern Europe. Sediments from relatively deep water 
contain more diverse and abundant assemblages than shallow water t sediments. One 
species, Hercochitina? bromidensis, is new. 


Key words: Chitinozoa, middle Ordovician, Midcontinent United States, Oklahoma, 
biostratigraphy, paleoecology. 


Zusammenfassung: Chitinozoen aus dem unteren Mittel-Ordovicium von Oklahoma 
sind gute Leitfossilien. Sie sind sehr ahnlich mit Vergesellschaftungen aus den 
südlichen Appalachen, der Gegend von Cincinnati, dem Baltikum und Skandinavien. 
Ablagerungen in relativ tieferem Wasser enthalten reichere und vielfältigere Vergesells- 
chaftungen als solche aus seichteren Bereichen. Eine Art, Hercochitina? bromidensis, ist 


Meu. 
Introduction 


The biostratigraphic value of chitinozoans for dating Ordovician 
sedimentary rocks has been recognized for more than two decades. In the 
United States, chitinozoans from critical upper middle Ordovician and upper 
Ordovician sections have been described from the Cincinnati Region 
(Mitter 1976, Knase 1980) and southern Oklahoma (Jenkins 1969, 1970). In 
addition, GRAHN & BERGSTRÖM (1984) documented lower middle Ordovician 
chitinozoan distributions from sections in the Southern Appalachians. Chiti- 
nozoans from strata contemporaneous with the latter in the United States 
Midcontinent have not been systematically studied. Documentation of one 
of these faunas and its paleoecology is the purpose of this study. 
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The Bromide Formation in the Arbuckle Mountains was selected for 
study because its stratigraphy and depositional environments are known (for 
summaries, see Fay & GRAFFHAM 1982, Fay et al., 1982a, Loncman 1976, 
1981, 1982a, 1982b). Lower middle Ordovician chitinozoans from 
Oklahoma have previously been described from the upper part of the Tulip 
Creek Formation (Witson & Dotty 1964) and the Pooleville Member of the 
Bromide Formation (TAUGOURDEAU 1965). 

Eleven thousand well to poorly preserved chitinozoans were recovered 
from 33 of the 69 samples of Bromide Formation shales and limestones 
examined. The locations of the four sections studied are shown in Figure 1 
and documented in the Appendix. Detailed descriptions of these sections are 
given by Fay et al. (1982 b). 

Scanning electron microscope micrographs were taken of gold-coated 
specimens using a Cambridge S4-10 at 5kV or aluminium-coated and 
photographed with an Amray 1400-D at 20kV. Light micrographs were 
taken using a Leitz Orthoplan with an Orthomat II camera. 

All figured specimens are assigned OSU numbers and housed in the type 
collection of the Orton Geological Museum, The Ohio State University, 155 
South Oval Mall, Columbus, Ohio 43210, U.S.A. 
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Fig. 1. Sketch-map showing the Arbuckle Mountains in southern Oklahoma. Redrawn 
from Fay et al. (1982 b). The heavy lines represent major faults and the pattern shows 
the distribution of middle and upper Ordovician rocks. Black dots indicate collecting 
sites. 
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Bromide Formation stratigraphy 


UrrıcH (1911) originally defined the Bromide Formation as a unit 
between the Viola and Simpson, and named it after the town of Bromide on 
the eastern side of the Arbuckle Mountains. In 1927 Uxricn included the 
Bromide in the Simpson Group. The type section is exposed in a faulted 
inlier just northwest of the town of Bromide (Fig. 1). Although measured by 


Decker & Merritt (1931: 81), a good description of this section was not 

published until 1942 by Lozsuicn. The thickness of the Bromide Formation 
varies between 53 and 155 m in the Arbuckle Mountains, the unit being 
_ thinner to the northeast and thicker to the southwest. Current stratigraphic 


nomenclature of the Arbuckle Mountains’ middle Ordovician strata and 
their correlation with standard zonations are shown on Figure 2. 
Cooper (1956) divided the Bromide into two members; a lower member 
named Mountain Lake consisting of shale with thin limestone beds and a 
basal sandstone, and an upper member, the Pooleville, consisting of 
limestone. The type section for these two members is at Johnston Ranch on 
the southwest side of the Arbuckle Mountains (Figs. 1, 4 and Appendix). 
Harris (1957) considered the upper part of the Pooleville, which is a 


_ birdseye limestone, to be a separate formation, the Corbin Ranch Formation 


(formerly Bromide dense or Simpson dense). This was rejected by LonGMAN 


(1976) who considered the Corbin Ranch to be a tidal flat facies of the 


regressive Pooleville Member. Amspen (1983) was of the same opinion and 
regarded the Corbin Ranch as a submember of the Pooleville, contempora- 
neous with the Fite Formation in eastern Oklahoma. However, conodont 


distribution indicates there is a large hiatus between the Pooleville (sensu 


Harris) and the Corbin Ranch (Sweer 1984) suggesting that these two units 
are not part of the same genetic sequence. In this paper the Corbin Ranch is 
considered a member of the Bromide Formation, separated by a hiatus from 


the Pooleville Member (Fig. 2). The type locality for this member is situated 


about 4.8 km south of Fittstown (Fig. 1 and Appendix). 


Local chitinozoan occurrence and biostratigraphic significance 


Chitinozoan occurrence and its biostratigraphic significance are discussed 
for each examined section. The stratigraphic positions of samples and chiti- 
nozoan occurrence and frequency are shown for the Tulip Creek, Johnston 
Ranch, and North Central Interstate 35 sections on Figures 3, 4, and 5, 
respectively. The Fittstown roadcut section yielded only a few chitinozoans 
and their distribution is discussed in the text. 

Eight of the twelve chitinozoan species which occur in the Bromide 
Formation also occur in the overlying Viola Springs Limestone. These are: 
Conochitina cf. elegans, C. hirsuta, C. micracantha, C. minnesotensis, C. 
robusta, C. wesenbergensis, Desmochitina lata, and D. minor (see JENKINS 1969). 
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Conochitina cf. micracantha, Cyathochitina calix, and Hercochitina? bromi- 
densis appear to be restricted to the Mountain Lake Member of the Bromide 
Formation in the Arbuckle Mountains. 

Conochitina infraspinosa Wııson & Dotty and Desmochitina bransoni 
(Wırson & Dotty) occur in the Tulip Creek Formation (Wilson & DOLLY 
1964) but have not been recovered from the Bromide Formation. 
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Fig. 2. Stratigraphic nomenclature and correlation ot the Bromide Formation and 
associated strata. Based on Bauer (1983), BERGSTROM (1983), Sweet (1984), and GRAHN 
& BERGSTROM (1984). 


Tulip Creek Section, Carter County 


Twenty Bromide samples, collected by WALTER C. Sweet, Stic M. 
BERGSTROM, and VALDAR JAANUSSON in 1972, were processed for chitinozoans. 
Chitinozoan abundance in this section was low, generally less than three 
specimens per gram of rock. An exception to this was a shale sample from 
the middle of the Mountain Lake Member, which yielded 25 specimens per 
gram of rock (Fig. 3). 

Only Conochitina micracantha, C. wesenbergensis, and Cyathochitina calix 
were recovered from the lower half of the Mountain Lake Member. Cyatho- 
chitina calix was found in contemporaneous and slightly older strata in the 
Southern Appalachians (GRAHN & BERGSTROM 1984). 
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Chitinozoan diversity and abundance is greater in the upper half of the 
Mountain Lake Member (Fig. 3). The co-occurrence of Conochitina cf. 
elegans, C. hirsuta, and Desmochitina lata have not been reported from rocks 
older than the upper part of the Pygodus serra Zone (lower part of the 
Glyptograptus teretiusculus Zone, see Fig. 2). Conochitina robusta has its 
earliest known occurrence in the Pygodus anserinus Zone. Conochitina cf. 
micracantha and Conochitina sp. are not formally named but may prove 
biostratigraphically useful. 

The ubiquitously occurring Conochitina micracantha and C. wesenbergensis 
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| Fig. 3. Lithology, sample levels, and relative frequency of chitinozoan species in the 
Tulip Creek section. Relative frequency is calculated on the total number of specimens 
recovered in each sample. Simplified lithology after Fay et al. (1982 b). 
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occur in the Pooleville Member at Tulip Creek. This low diversity 
assemblage is recovered from rocks considered to have been deposited in a 
shallow water depositional setting. 


Johnston Ranch, Murray County 


Eleven samples were collected from the upper part of the Mountain Lake 
Member type locality by M. A. Miter & D. N. Beju in 1979. The strati- 
graphic distribution and relative frequency of chitinozoan species is shown 
on Figure 4. The number of specimens per gram of rock is not available. 
However, the 10 productive samples yielded 4749 chitinozoans. It is 
apparent that chitinozoan abundance is relatively high and the diversity low 
in the shales. Hercochitina? bromidensis dominates the chitinozoan fauna 
which otherwise contains species found in the Mountain Lake at the other 
localities examined. 


North-Central Interstate 35 Section, Murray County 


Chitinozoans were recovered from one half of the 20 samples processed 
from this section. These samples, as well as the samples from the Fittstown 
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Fig. 4. Lithology, sample levels, and relative frequency of chitinozoan species in the 
Johnston Ranch section. For further explanation, see text. Lithology after Fay et al. 
(1982 b). 
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Roadcut, were collected by Jerrrey A. Bauer in 1983. As with the other 
sections, chitinozoan abundance is generally less then 3 specimens per gram 
of rock and the Mountain Lake Member shales yielded the most specimens, 
‚16.1 specimens per gram of rock (Fig. 5). 

The Interstate 35 section differs from the Tulip Creek section only by the 
absence of Conochitina hirsuta and Conochitina sp. Hercochitina? bromidensis 
is present in the Mountain Lake Member here and at Johnston Ranch. 


Fittstown Roadcut Section, Pontotoc County 


Only two of the 18 samples processed from this section yielded chitino- 
zoans. Chitinozoan recovery was less than 0.1 specimen per gram of rock. 
One specimen of Conochitina cf. micracantha was recovered approximately 
| 4 m above the base of the Mountain Lake Member and several specimens of 
Conochitina robusta and C. wesenbergensis were found about 3 m below the 
top of the Pooleville Member. The Corbin Ranch Member yielded no chiti- 
nozoans. 


Regional correlations 


The distribution of middle Ordovician chitinozoans from North America 
is not completely known, but some comparisons can be made to middle 
Ordovician chitinozoan successions in Great Britian, southwestern Europe, 
and Baltoscandia. Table 1 shows known occurrences of Bromide chitino- 
zoans in the middle Ordovician of key regions of North America and 


Europe. 

The British Ordovician chitinozoan succession described by JENKINS 
(1967) has three species in common with the Bromide Formation. Two of 
these, Cyathochitina calix and Desmochitina minor, are long-ranging and 
widespread, whereas Conochitina elegans is known only from Caradoc beds in 
Shropshire. 

Paris (1981) established 18 chitinozoan zones in the Ordovician of 
southwestern Europe. Indirect conodont and graptolite correlations suggest 
that the Bromide Formation of the Arbuckle Mountains would be equivalent 
to Paris’ biozones 11-14. Desmochitina minor is the only species which 
occurs in the Bromide and coeval strata in southwestern Europe. Cyatho- 
chitina calix is restricted to older Ordovician strata and Conochitina robusta 
to younger Ordovician rocks in southwestern Europe (Paris 1981). 
Conochitina micracantha occurs in younger and older strata in southwestern 
Europe but not in strata correlative with the Bromide. 

Among the nine Bromide chitinozoan species which have been reported 
from Baltoscandia, particularly Sweden, most are long-ranging and of little 
biostratigraphic use. Conochitina elegans first appears in the Uhaku Stage 
(upper Glyptograptus teretiusculus Zone) in Estonia and ranges into the 
Ashgill (Graun 1984). An older occurrence, uppermost Arenig to lower 
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Llanvirn, was reported for a species provisionally attributed to C. elegans 
(Grann 1980). This older form is now considered to be a different species. 

In the Southern Appalachians at Pratt Ferry Conochitina hirsuta and 
Desmochitina lata co-occur just below the Pygodus serra — Pygodus anserinus 
zonal boundary; however, Conochitina hirsuta occurs in strata as old as the 
Llanvirn part of the Lenoir Limestone at Marble Hollow, Tennessee (BERG- 
STROM & GRAHN 1985). The Llanvirn specimens provisionally attributed to 
D. lata from western Newfoundland by NevırLe (1974), Martin (1978), and 
Acuas (1983) are considered to differ from typical D. lata by not having a 
pronounced collar. In the Cincinnati Region, both C. hirsuta and D. lata 
occur in rocks as young as Ashgill (MILLER 1976). Conochitina robusta first 
appears in the Pygodus anserinus Zone in the Southern Appalachians (GRAHN 
& BERGSTRÖM 1984, BERGSTROM & GRAHN 1985) and it appears at a slightly 
younger level, within the lower part of the Diplograptus multidens Zone, in 
Sweden (GRAHN 1982 a). Conochitina robusta has been reported from strata as 
young as Ashgill (GrAHN 1982 b). 

The presence of C. robusta in the Mountain Lake Member of the 
Bromide Formation would place this unit within the strata no older than 
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Fig. 5. Lithology, sample levels, and relative frequency of chitinozoan species in the 
North-Central Interstate 35 section. For further explanation, see Fig. 3. Simplified 
lithology after Fay et al. (1982 b). 
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| Pygodus anserinus Zone. This is consistent with correlations based on 
conodonts (Fig. 2). The lack of age diagnostic chitinozoan species in the 
Pooleville Member prohibits correlation. However, conodont evidence 
suggests the top of the Pooleville should be equivalent to an interval within 
the Plectodina aculeata Zone of early Caradoc age (SweEr 1984). 


Provincial affinities 


The samples investigated yielded 12 chitinozoan taxa, three of which are 
classified in open nomenclature. In Table 1 we compare the known occur- 
rences of the taxa found in the Bromide Formation with those from middle 
Ordovician strata of the Southern Appalachians, the Cincinnati Region, 
| eastern Canada, Great Britain, southwestern Europe, and Baltoscandia. Our 
| preliminary interpretations about provinciality are based on these compiled 
‚ data. It appears that the Bromide chitinozoan assemblage has the greatest 
similarity to that of Baltoscandia with nine species in common, although it 
should be noted that most of these are widespread. The chitinozoan fauna 
from the Southern Appalachians has a striking similarity to that of Baltos- 
candia (GRAHN & BERGSTRÖM 1984), and a pronounced affinity between 
those of the Bromide Formation and the Southern Appalachian sequences 
might, therefore, be expected. However, of the eight Bromide species also 
occurring in the Southern Appalachians, all are widespread. No data are 
known from contemporaneous strata in the Cincinnati Region but slightly 
younger rocks there have seven long-ranging and widespread species in 
common with the Bromide Formation. 

The middle Ordovician sequences of eastern Canada have five species 
which occur in the Bromide, and there are no close relationships to Great 
Britain or southwestern Europe with only three and four species in common, 


_ respectively. 

Kaurrman (1971) illustrated chitinozoans from strata, possibly equivalent 
to the Bromide Formation, in the subsurface of southwestern Texas. 
However, the quality of his material and the absence of descriptions allows 
no close comparisons. A middle Ordovician chitinozoan assemblage from 
the subsurface of northern Florida (Annpress et al. 1969) shows a striking 
similarity to faunas from Shropshire (JENKINS 1967) and southwestern Europe 
(Paris 1981), and has been considered provincially allied to them (LAuFELD 
1979, Paris 1981). The Florida faunas have nothing in common with those 
from the Bromide, and may be slightly older. Carrer & LaureLp (1975) 
described a fauna, probably middle Ordovician, from the subsurface of 
Prudhoe Bay, Alaska, to which they attribute Baltic provincial affinities. 
Only the cosmopolitan species Conochitina micracantha occurs in both 
Okiahoma and Alaska. Although both the Bromide and Alaskan chiti- 


nozoan faunas show Baltic affinities, they have no pronounced similarity to 


each other. 
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Table 1 


Known occurrences of Bromide chitinozoan species in the middle Ordovician (White- 

rockian through Mohawkian) of key regions in North America and Europe. Data based 

on GRAHN & BERGSTROM (1984), Knage (1980), Martin (1975, 1978), Nevirze (1974), 
AcHag (1984), Jenkins (1967), Paris (1981), and Grann (1982b, 1984). 


Chitinozoan Southern Cincin- East. Great SW Balto- 

Species Appa- nati Canada Britain Europe scandia 
lachians Region 

Conochitina cf. elegans 2 7 

©. hirsuta ; 

C. micracantha : - é 5) 

C. cf. micracantha 

C. minnesotensis 5 c b 

C. robusta © @ c 5 4 

C. wesenbergensis 

Conochitina sp. 

Cyathochitina calix ¢ e 55) 

Desmochitina lata Q oll 

D. minor 5 2 e 2 .6 


Hercochitina? bromidensis 


Pterochitina hymenelytrum in KnAaBE (1980). 
‚7 Conochitina elegans s. |. 
Belonechitina micracantha typica of Paris (1981). 
Belonechitina robusta of Paris (1981). 
Includes both C. protocalix and C. calix of Paris (1981). 
Desmochitina (Pseudodesmochitina) minor f. typica of Paris (1981). 
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Remarks on paleoecology 


The sediments of the Bromide Formation were deposited in and along a 
northwesterly trending trough, the Southern Oklahoma aulacogen, which 
persisted throughout much of the Paleozoic (LONGMAN 1982a). An open 
ocean existed to the southeast where the front of the Ouachita System 
denotes the paleocontinental slope. The aulacogen probably disappeared in 
southern Colorado (Ross 1976). To the north the aulacogen was bordered by 
the stable Arbuckle Platform (LoncMan 1982a) and to the south by the 
Concho Arch. The source area for Bromide sediments was a broad, low-lying 
desert north of the aulacogen (LoNcMAN 1976, 1981, 1982 a). A slow, steady 
subsidence that coincided with a rise in eustatic sea level occurred during 
deposition of the Bromide Formation. The lower Bromide, the Mountain 
Lake Member, is a transgressive sequence dominated by sandstone and shale, 
and the sedimentation occurred primarily across a southward, gently dipping, 
terrigenous mud-dominated subtidal ramp (LoncMaN 1981). The upper 
Bromide, the Pooleville Member, is characterized by having a regressive 
limestone sequence. SwEET (1984) recognized an unconformity between the 
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Pooleville and Corbin Ranch Members indicating an interuption of sedimen- 
tation during deposition of upper Bromide shallow water sediments. 
The sands of the basal part of the Bromide Formation were deposited in 
Lipper to lower shoreface settings. These sands were derived from the north 
and as the transgression continued, the borderlands were drowned and the 
supply of sand ceased. This allowed a transgressive shale and limestone 
Bequence to develop below normal wave base at water depths inferred to 
have been between 10 and 25 meters (LonGMAn 1981). It is within this 
(a water shale and limestone succession that the first Bromide chitino- 

oans are found. The transgression reached a maximum in the middle-upper 
part of the Mountain Lake Member. This is also evident from the chiti- 
mozoan distribution shown on Figures 3, 4, and 5. To the northeast, a 
xarbonate platform existed with water depths probably less than 30 m. Only 
one chitinozoan specimen, representing Conochitina cf. micracantha, was 
encountered from this environment. Periodic storms swept over the shelf and 
carried carbonate mud, clay, intraclasts, pellets, and fossil fragments as 
turbidity currents into deeper water southwestwards. The transported 

aterial was deposited on the carbonate ramp in water depths approximately 
ne. 30 and 75 m (Loneman 1981). In this environment the chitinozoan 
diversity reached its maximum (see Figs. 3, 4, and 5). The muddy substrates, 
represented by the shales, are dominated by Hercochitina? bromidensis with 
‚Conochitina hirsuta and Desmochitina lata as important constituents. The 
more calcareous beds have large faunas of Conochitina cf. elegans, 
Conochitina wesenbergensis, and Desmochitina minor. Conochitina cf. elegans, 
Conochitina minnesotensis, Conochitina sp., and Cyathochitina calix are four 
species that seem to be restricted to the limestones. Whether this reflects a 
preference for firm substrates by the chitinozoophorans, 1s a result of 
selective transportation, or an artifact of sampling is difficult to say. Except 
for Conochitina sp., these species are known from a variety of other litho- 
logies and their state of preservation does not suggest significant transpor- 
tation. Their different sizes and shapes seem to exclude mechanical or 
autochthonous sorting as a cause of the distribution. It is therefore possible 
the chitinozoophorans showed preference for these substrates and that water 
depth was not the only determining ecological factor. 

A regression in the upper part of the Mountain Lake is reflected in lower 
chitinozoan abundance and diversity (see Figs. 3 and 4). In the topmost part 
of the Mountain Lake, a shelf-edge was developed with a carbonate buildup 
and a lagoon toward the northeast, and a basin toward the southwest 
(LoncMAN 1981: 12). The ubiquitous Comnochitina micracantha and 
Conochitina wesenbergensis totally dominate the chitinozoan fauna in the 
shallow water sediments. In the beginning of the Pooleville deposition, the 
water depth is thought to have decreased to about 30 m, and as the 
regression continued, the chitinozoans decreased in number and variety and 
finally disappeared. There was still a diverse and abundant fauna present in 


28 N. Jb. Geol. u. Paläont. Abh. Bd. 172 


392 Y. Grahn and M. A. Miller 


the basin, as indicated by studies in the Criner Hills, southwest of the 
Arbuckle Mountains (Taucourpgau 1965). The hiatus between the very 
shallow upper part of the Pooleville Member and tidal flat facies of the 
overlying Corbin Ranch Member suggests emergent conditions occurred 
during post-Pooleville and pre-Viola Springs time. No chitinozoans were 
obtained from the Corbin Ranch. 

The chitinozoophoran ecology suggests a distributional pattern in the 
Southern Oklahoma aulacogen closely comparable to that seen in other 
areas, one which is independent of time and paleogeography. The chiti- 
nozoan diversity and abundance increases with increasing depth and 
declined with decreasing depths (Mm1er 1976, Lauretp 1979). The water 
depths are important but obviously other yet unidentified environmental 
parameters, perhaps substrates, affected chitinozoan distribution. 


Summary and conclusions 


The results obtained from the study of the Bromide chitinozoans from 
the Arbuckle Mountains of Oklahoma may be summarized as follows: 
1. Chitinozoans are present in nearly half of the samples processed. 
Except for the shales, the abundance is lower than in samples from, 

for instance, Baltoscandia, and the diversity is much lower. 

2. This study confirms that the chitinozoans are useful for long distance 
correlation of middle Ordovician strata. 

3. Paleobiogeographically, the faunas are more closely related to those 
from the Cincinnati Region, Southern Appalachians, and Baltos- 
candia, than to those from eastern Canada, Great Britain, and south- 
western Europe. 

4. Water depth was an apparent controlling factor in chitinozoan distri- 
bution but other ecological factors, perhaps substrates, obviously 
exerted important influence. 

5. Chitinozoans were most abundant in Mountain Lake Member 
sediments inferred to have been deposited in water depths greater than 
ca. 30 m. They were rare to absent in the Pooleville Member, which 
was deposited in a shallower marine setting, and absent in the tidal 
flat facies of the Corbin Ranch Member. 

The present study is the first on lower middle Ordovician chitinozoans 
from systematically collected sections in the United States Midcontinent. We 
consider the data gathered to be encouraging for future research on middle 
Ordovician Chitinozoa in the United States. 


Remarks on taxonomy and occurrence 


All Bromide chitinozoan species but one, Hercochitina? bromidensis n. SP., 
have been described previously. Synonyms of these species are listed in 
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| Grahn (1980, 1981, 1982 a) and Paris (1981). Conochitina hirsuta LAuFELD 
1967 (Fig. 6, nos. 2, 3), C. micracantha Eısenack 1931 (Fig. 6, nos. 4, Sa 
minnesotensis (STAUFFER 1933) (Fig. 6, nos. 8, 9), C. robusta Eısenack 1959 
(Fig. 6, no. 12; Fig. 7, no. 1), and Desmochitina minor Eısenack 1931 (Fig. 7, 
nos. 7, 8) are illustrated but not discussed. GRAHN & BERGSTROM (1984) 
discuss the occurrence of these species. Comments about the morphology 
and occurrence of the remaining chitinozoans and the description of Herco- 
chitina? bromidensis are given below. 


Conochitina cf. elegans Eısenack 1931 
Fig. 6, no. 1 


| Remarks: Eisenack (1931) described the holotype from an erratic 
_ boulder of the Grasgard Siltstone (Grann 1984). The siltstone is of Oanduan 
age (upper Dicranograptus clingani Zone). Specimens from the type stratum 
have a more conical appearance than those from the Bromide Formation. 
Occurrence: Specimens of Conochitina elegans or C. cf. elegans have 
been reported from the upper Uhaku Stage (Llandeilo) through Ashgill in 
Baltoscandia (GrAHn 1982 b, 1984); Costonian to Onnian Beds (Caradoc), 
Welsh Borderland (JENKINS 1967); Caradoc, Sardinia (LauFELD 1973); Sylvan 
Shale (Ashgill), Oklahoma (Jenkins 1970); and Viola Limestone and 
Maquoketa Shale (Caradoc-Ashgill), Kansas (WRIGHT & Meyers 1981). 
Conochitina aff. elegans described from late Arenig to early Llanvirn strata by 
GRAHN (1980) is now considered to be a different species. In the Bromide 
Formation, C. cf. elegans occurs in the Mountain Lake Member. 


Conochitina cf. micracantha E1senack 1931 
Fig. 6, nos. 6, 7 


Remarks: Conochitina cf. micracantha is characterized by a vesicle which 
is comparatively wide aborally and a pronounced widening at the aperture. It 
differs from Conochitina micracantha primarily through the former feature. 
The basal part of the vesicle is covered by simple spines. 

Occurrence: This species occurs in several Bromide Formation samples. 


Conochitina wesenbergensis EISENACK 1959 
Fig. 6, nos. 10, 11 


Remarks: Eısenack (1965) subdivided Conochitina wesenbergensis into 
two forms, C. wesenbergensis, f. elongata and C. wesenbergensis f. brevis. The 
main differences between these two forms are vesicle length and the more 
robust vesicle of forma brevis. Except, for Eısenack (1965, 1972), Parts 
(1978) and Knase (1980) no attempts have been made to separate these two 
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Fig. 6. No. 1: Conochitina cf. elegans Eısenack 1931. OSU 38122, lateral view, x110. 
Mountain Lake Member, sample 72SG-153, Tulip Creek. Nos. 2, 3: Conochitina hirsuta 
Lauren 1967. 2. OSU 38123, lateral view showing the characteristic ornamentation, 
x360. Mountain Lake Member, sample 72SG-260, Tulip Creek. 3. OSU 38124, oblique 
aboral view, x360. Mountain Lake Member, sample 72SG-260, Tulip Creek. Nos. 4, 5: 


Chitinozoa from the middle Ordovician Bromide Formation 399 


forms. Both forms occur in the Bromide Formation but we have made no 
attempt to separate varients of C. wesenbergensis. 

Occurrence: Specimens of C. wesenbergensis have been recovered from 
the late Llanvirn to Ashgill of Baltoscandia (GraHn 1982b); Upper 
Ordovician of Podolia, USSR (Lauretp 1971); Caradoc of Oklahoma 
Jenkins 1969); Caradoc of the Cincinnati Region, Ohio and Kentucky 
(Knase 1980); and Upper Llanvirn-lower Caradoc of the Southern Appala- 
chians (GRAHN & BERGSTROM 1984). 


Conochitina sp. 
Fig. 7, no. 2 


Remarks: A Conochitina species that has a conical body and a short 
cylindrical neck, which is about 1/5th of the total length. The vesicle wall is 
covered by simple or coalescent spines. The overall morphology is similar to 
Conochitina hirsuta, but Conochitina sp. differs in having a slender body, 
shorter neck, and a less developed ornamentation. TAUGOURDEAU (1965) 
described Conochitina rarispinosa from the Viola Springs Formation in the 
Criner Hills southwest of the Arbuckle Mountains. This species has a similar 
vesicle shape but lacks coalescent spines. JENKINS (1969) did not report it in 
the Viola Springs Formation from the Arbuckle Mountains. We have found 
only a few specimens of Conochitina sp. in one sample and place it in open 
nomenclature at present. 

Occurrence: Bromide Formation (Mountain Lake Member) of 
Oklahoma. 


Cyathochitina calix (EisENack 1931) 


Fig. 7, nos. 3, 4 


Remarks: Cyathochitina calix was, until recently, known only from 
Europe; however, GRAHN & BERGSTRÖM (1984) have found it in the Lenoir 


Conochitina micracantha Eisenack 1931. 4. OSU 38134, lateral view, x170. Mountain 
Lake Member, sample 83JE-37, North Central I-35. 5. OSU 38135, lateral view, x230. 
Mountain Lake Member, sample 72SG-295, Tulip Creek. Nos. 6, 7: Conochitina ct. 
micracantha EIseNACK 1931. 6. OSU 38125, lateral view, x130. Mountain Lake Member, 
sample 83JE-23, North Central I-35. 7. OSU 38136, lateral view, x150. Mountain Lake 
Member, sample 83JF-23, Fittstown roadcut. Nos. 8, 9: Conochitina minnesotensis 
(STAUFFER 1933). 8. OSU 38126, lateral view, x90. Mountain Lake Member, sample 
83JE-37, North-Central I-35. 9. OSU 38137, lateral view, x95. Mountain Lake 
Member, sample 83JE-28, North-Central I-35. Nos. 10, 11: Conochitina wesenbergensis 
Ersenack 1959. 10. OSU 38130, lateral view, x310. Mountain Lake Member, sample 
83JE-33, North-Central I-35. 11. OSU 38131, lateral view, x255. Pooleville Member, 
sample 72SH-37, Tulip Creek. No. 12: Conochitina robusta Eısenack 1959. OSU 
38127, lateral view of a specimen with ornamentation removed, x150. Mountain Lake 
Member, sample 72SG-168, Tulip Creek. 
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Fig. 7 (Legend see p. 397) 
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and Chickamauga Limestones of the Southern Appalachians. It differs from 
Cyathochitina campanulaeformis and Cyathochitina kuckersiana in having a 
| more slender body and no longitudinal thickenings on the vesicle surface. 
| Occurrence: Specimens of Cyathochitina calix are known from Arenig 
| to late Caradoc strata in Baltoscandia (Grann 1982 b) and also from beds 
| within this interval in the Welsh Borderland (Jenkins 1967); France (Paris 
| 1981); Westphalia, FRG (Etsrnack 1939); and the Southern Appalachians 
| (GRAHN & BERGSTROM 1984). We have found it in the Mountain Lake 
Member. 


Desmochitina lata SCHALLREUTER 1963 
Fig. 7, nos. 5, 6 


Remarks: Desmochitina lata is a variable species that can be difficult to 
delimit. The specimens identified as Pterochitina hymenelytrum by KNABE 
(1980: Pl. 4, figs. 7, 12, 14) display a typical ornamentation for D. lata and 
are considered conspecific with this species. We agree with Jenkins (1969: 22) 
that Desmochitina monilis TAUGOURDEAU 1965 is conspecific with D. lata. 

Occurrence: Specimens of Desmochitina cf. lata have been reported 
from the Llanvirn-Llandeilo of western Newfoundland (Nevitie 1974, 
Martin 1978, Acuas 1983). These specimens differ from typical D. lata by 

not having a pronounced collar. Typical representatives of D. lata have been 

recorded from the Southern Appalachians (GRAHN & BERGSTRÖM 1984), the 

Caradoc of Baltoscandia (SCHALLREUTER 1963, LauFELD 1967, EISENACK 

1968), Caradoc-Ashgill of Oklahoma (TaucourpgEAu 1965, JENKINS 1969), 

and the Cincinnati Region (MILLER 1976, Knape 1980). Our specimens are 
from the Mountain Lake Member. 


Fig. 7. No. 1: Conochitina robusta E1senack 1959. OSU 38139, lateral view showing 
typical ornamentation, x230. Mountain Lake Member, sample ca. 11 m below the base 
of the Pooleville Member, Johnston Ranch. No. 2: Conochitina sp. OSU 38132, lateral 
view, note the ornamentation, x370. Mountain Lake Member, sample 72SG-260, Tulip 
Creek. Nos. 3, 4; Cyathochitina calix (E1sENACK 1931). 3. OSU 38133, lateral view, x150. 
Mountain Lake Member, sample 72SG-96, Tulip Creek. 4. OSU 38138, lateral view, 
x160. Mountain Lake Member, sample 83JE-21.8, North-Central I-35. Nos. 5, 6: 
Desmochitina lata SCHALLREUTER 1963. 5. OSU 38140, oblique lateral view, x590. 
Mountain Lake Member, sample ca. 6.6 m below the base of the Pooleville Member, 
Johnston Ranch. 6. OSU 38141, oblique oral view, x710. Mountain Lake Member, 
sample ca. 7.5 m below the base of the Pooleville Member, Johnston Ranch. Nos. 7, 8, 
8a: Desmochitina minor Eısenack 1931. 7. OSU 38128, lateral view of a two vesicle 
chain, x335. Mountain Lake Member, sample 83JE-37, North Central I-35. 8. OSU 
38129, lateral view of a three vesicle chain, x200. 8a. Detail of highest vesicle of the 
chain shown in no. 8 illustrating typical ornament, x600. Mountain Lake Member, 


sample 83JE-43, North Central I-35. 
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Fig. 8. Nos. 1-7: Hercochitina? bromidensis n. sp. 1. Holotype OSU 38142, lateral view 
of a compressed specimen showing the vermiculate linear ornamentation, x300; 1a. 
Detail of no. 1 showing the linear ornament anastomosing near the basal edge, x465. 
Mountain Lake Member, sample ca. 7.5 m below the base of the Pooleville Member, 
Johnston Ranch. 2. Paratype OSU 38143, lateral view of a compressed specimen, x280; 
2a. Detail of the ornamentation at the basal edge of no. 2, x580. Mountain Lake 
Member, sample ca. 7.5 m below the base of the Pooleville Member, Johnston Ranch. 
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Hercochitina? bromidensis n. sp. 
Fig. 8, nos. 1-7 


Etymology: Named for the Bromide Formation 

Holotype: OSU 38142 - Fig. 8, no. 1. 

Paratypes: OSU 38143 - Fig. 8, no. 2; OSU 38146 - Fig. 8, no. 5. 

Type locality: Johnston Ranch, Murray County, Oklahoma (Fay et al. 1982 b: 
336). 

Type Stratum: Mountain Lake Member, Bromide Formation, ca. 7.5 m below the 
base of the Pooleville Member. 

Diagnosis: A chitinozoan species that has a subconical to conocylindrical vesicle 
| with broadly concave flanks and bluntly rounded basal edge. A distinct basal scar is 
present. Flexure and shoulder are absent. The ratio of neck length to total length is 
variable. The aperture is straight and smooth to slightly fimbriate. The surface of the 

flanks is covered by fine linear, discontinuous, longitudinal ridges which may branch. 
The ridges anastomose near the basal edge to form an irregular reticulum and lose their 
linear configuration on the oral tube which may be granulate or smooth. The oral tube 
is closed by a prosoma. 

Dimensions: Total length 123-403 um (holotype 148 um), base width 55-119 
ym (holotype 81 wm), aperture width 42-72 um (holotype 47 um). Twenty-eight 
compressed specimens measured. 


Description: Longer specimens of Hercochitina? bromidensis have 
conocylindrical vesicles whereas shorter specimens are generally subconical. 
The characteristic linear ornament is always well developed on the lower 
part of the body and anastomoses near the basal edge to form an irregular 
reticulum. On shorter specimens, such as the holotype, the linear ornament 
may extend from the body onto the neck, but the neck may be granulate or 
smooth on long specimens. Well developed prosomai, with up to 11 laminae 

-are present in the oral tubes of H.? bromidensis (Fig. 8, no. 5). The prosoma 
and rica construction of H.? bromidensis is similar to that described from 
species of Lagenochitina by Bocxette (1981). No opercula, however, have 
been recognized in the apertures of H.? bromidensis. The best developed 
prosomai are found in the specimens with distinct necks. 

Remarks: This new species is tentatively placed in the genus Herco- 


3. OSU 38144, lateral view of a compressed specimen, x230; 3a. Detail of no. 3, x480. 
Mountain Lake Member, sample ca. 6.6 m below the base of the Pooleville Member, 
Johnston Ranch. 4. OSU 38145, lateral view of a compressed specimen, x220. 
Mountain Lake Member, sample ca. 6.6 m below the base of the Pooleville Member, 
Johnston Ranch. 5. Paratype OSU 38146, lateral view of a specimen with an 11 
lamellae prosoma, x190. Mountain Lake Member, sample ca. 8.4 m below the base of 
the Pooleville Member, Johnston Ranch. 6. OSU 38147, prosoma showing laminae (a), 
subex (b) and rica (c), x330. The orientation for this isolated prosoma is aperture 
toward the top of the photograph. Mountain Lake Member, sample ca. 8.4 m below 
the base of the Pooleville Member, Johnston Ranch. 7. OSU 38148, lateral view, x190. 
Mountain Lake Member, sample ca. 8.4 m below the base of the Pooleville Member, 


Johnston Ranch, 
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chitina because the coalescence of the linear ornament was not recognized 
on the holotype, Hercochitina crickmayi JANsontus 1964. Hercochitina? bromi- 
densis does, however, have the distinct linear ornament and vesicle shape 
which characterize Hercochitina. Furthermore, Hercochitina? bromidensis 
predates the postulated evolutionary series from Conochitina robusta through 
Hercochitina crickmayi f. spinatum to H. crickmayi f. normalis recognized by 
Jenkins from the lower Viola Springs Formation (JENKINS 1969: 36). Because 
of these morphologic and evolutionary considerations, the Bromide species 
must be questionably assigned to Hercochitina until more information 
becomes available. 

Occurrence: Mountain Lake Member of the Bromide Formation, 
Oklahoma. 
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Appendix 


The geographic location of each section and the Ohio State University Micropa- 
leontological Collections reference number of the processed samples are listed below. 
Stratigraphic level of each sample is available in the reference list for the collections. 

1. Tulip Creek, Carter County. Exposure west of Tulip Creek and west of 
Interstate Highway 35 at Chapman Ranch. W1/2 NW1/4 NE1/4 Sec. 25; T2S R1E. For 
section details, see Fay et al. (1982 b: 339-341). Processed samples: Pooleville Member, 
72SH-19 to 45; Mountain Lake Member, 72SG-30 to 295. 

2. Johnston Ranch, Murray County. Exposure below dam of upper Humble 
Lake and along Spring Creek. N1/2 SE1/4 NE1/4 Sec. 17, T2S R1W. For section 
details, see Fay et al. (1982 b: 336-338). Processed samples: Mountain Lake Member, ca. 
4.1 m, 4.8 m, 5.7 m, 6.6 m, 7.5 m, 8.4 m, 9.1 m, 9.4 m, 9.5 m, 10.4 m, and 11 m below 
the base of the Pooleville Member. 

3. North-Central Interstate 35 section, Murray County. Road cut 
proceeding southward along the west side, center section and east side of Interstate 35. 
SW1/4 SE1/4 SE1/4 Sec. 30, T1S R2E. For section details, see Fay et al. (1982 b: 366- 
368). Processed samples: Pooleville Member, 83JE-61 to 81; Mountain Lake Member, 
83JE-0 to 56. 

4. Fittstown roadcut, Pontotoc County. Road cut west side of U.S. Highway 
99 about 4.8 km south of Fittstown and 1.9 to 2.4 km north of Oklahoma Highway 31 
junction. NW1/4 SW1/4 Sec. 12, TIN R6E. For section details, see Fay et al. (1982 b: 
355-358). Processed samples: Corbin Ranch Member, 83JF-65 to 70.5; Pooleville 
Member, 83JF-56 to 62; Mountain Lake Member, 83JF-21 to 50. 
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